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Up to one person in one thousand develops critical lower limb ischaemia each year. In
Scotland, this equates to around 5,000 new cases per annum. Arterial reconstructive
surgery is attempted in only one-half of patients. Most of the remainder undergo either
primary major amputation or conservative treatment. However, published case-series
suggest that the proportion of patients undergoing limb-salvage procedures varies
between units. An analysis of Scottish discharge data for 1989-1990 confirmed wide
geographical variations in procedure rates. There was a five-fold variation in arterial
reconstruction rates, and a four-fold variation in major amputation rates. Variations
may be due to differences in case-mix. However, differences in clinical decision¬
making and practice were considered likely. Therefore a study was undertaken to
derive specific indications for surgery in patients with chronic critical lower limb
ischaemia, and to determine the extent to which practice throughout Scotland
conformed with these indications.
Consensus methods provide an explicit and systematic method of deriving indications
from published evidence and clinical experience. A review was undertaken of the
published literature on outcomes following arterial reconstruction and primary major
amputation, in terms of life-expectancy, limb-salvage, healing, reoperation, social and
physical functioning, quality of life and cost-effectiveness. Thereafter, consensus
indications were agreed using a modified Delphi method in which a postal
questionnaire was completed by 29 vascular surgeons on two occasions, with feedback
xvi
between the rounds. This method has been used previously to develop indications for
coronary artery bypass grafting and carotid endarterectomy. Use of a postal
questionnaire avoided physical constraints on the selection of panellists, whilst also
ensuring that undue weight was not given to the most dominant or vocal participants.
Respondents indicated the appropriateness of arterial reconstruction and primary major
amputation for 218 case-scenarios comprising all possible combinations of clinical and
angiographic findings. Agreement was reached on 31 appropriate indications for major
amputation and 65 for arterial reconstruction. The consensus indications were then
compared with actual clinical practice in a stratified random sample of ten Scottish
hospitals. Four hundred primary major amputations and arterial reconstruction
operations were reviewed retrospectively. The clinical findings for 7 (4%) arterial
reconstruction operations and 48 (24%) major amputations did not conform to the
indications agreed by the Delphi method. The proportion of operations conforming to
the agreed indications differed significantly by size ofunit (p<0.05).
The study demonstrated that consensus could be reached on indications for surgery in
patients with chronic critical lower limb ischaemia. The proportion of procedures
conforming to the indications varied between units, suggesting that differences in
clinical decision-making were apparent. Consensus guidelines have been disseminated
to all vascular surgeons in Scotland.
xvii
CHAPTER 1
Introduction and outline of thesis
Peripheral arterial disease is a common condition. Therefore a substantial proportion of
the population is potentially at risk of developing chronic critical lower limb ischaemia.
The incidence of both peripheral arterial disease generally, and critical ischaemia
specifically, increases with age. As life expectancy rises and birth rates fall, the elderly
form an increasing proportion of the population. The incidence of diabetes mellitus,
another risk factor for critical lower limb ischaemia, is also rising. Both of these factors
will tend to increase the incidence of critical ischaemia over time. An overall decline in
cigarette smoking may act to offset this effect. However, the increase in smoking
among younger people, particularly young girls, may have a delayed adverse effect.
Critical ischaemia is a serious condition. Case-fatality rates are high, and one-quarter of
those affected will lose at least one limb. Major amputation is associated with many
adverse sequelae; functional impairment, physical dependency, loss of employment,
social isolation and psychological trauma. Even in those patients who avoid
amputation, quality of life is nonetheless impaired.
The costs of the disease and its treatment are high, both to the individual, and to society
as a whole. Prolonged periods of in-patient treatment and intensive rehabilitation
programmes are common, and failed operations or progression of disease often
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necessitate further surgery. Loss of independence following major amputation places a
significant and prolonged burden on both professional support agencies and lay carers.
A number of treatment options are available for the management of chronic critical
lower limb ischaemia, including conservative measures, major amputation and attempts
at revascularisation. Anecdotal evidence and comparisons of case series suggest that
clinical management varies considerably between areas. Therefore it is possible that the
treatment offered to some patients is at best less than ideal, and possibly inappropriate.
Because of the importance of this condition and the apparent variations in practice, the
management of chronic critical lower limb ischaemia requires further assessment.
The objectives of this thesis are:
• to determine whether comparisons of operation rates support anecdotal
evidence of geographical variations in the management of chronic critical lower
limb ischaemia,
• to derive, through consensus methods, indications for the use of arterial
reconstructive surgery and primary major amputation in the management of
chronic critical limb ischaemia, and
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• to compare current clinical practice with these agreed indications, thereby
determining whether observed variations in operation rates reflect real
differences in clinical practice or merely differences in case-mix.
Chapter 2 defines chronic critical lower limb ischaemia and illustrates its importance in
terms of its burden on society. Evidence is presented of the frequency, distribution and
determinants of this condition. Trends in operation rates are reviewed as evidence of
changes in the underlying incidence of critical ischaemia. The natural history of
peripheral arterial disease is described to determine the impact of critical lower limb
ischaemia in terms of mortality, cost and surgical intervention.
Chapter 3 compares the outcomes following the two principal treatment modalities for
chronic critical lower limb ischaemia; major amputation and arterial reconstructive
surgery. The case for arterial reconstruction is assessed in terms of limb salvage rates,
the impact of graft failure on amputation level and the need for secondary procedures.
The operations are compared in terms of case-fatality, rehabilitation, quality of life and
cost.
Chapter 4 highlights the increasing emphasis which has been placed on clinical
effectiveness over the last few years and describes the tools which can be used to
address it including clinical audit, benchmarking and clinical guidelines.
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Chapter 5 reviews the evidence for widespread variations in clinical practice. It outlines
the implications of such variations, the possible reasons underlying them, and the
methods by which they may be reduced. Evidence is then presented of wide variations
in the operation rates for critical limb ischaemia, both in Scotland and elsewhere.
Chapter 6 outlines the methods available to achieve consensus on the most appropriate
management of patients. A description is given of the Delphi consensus method which
is then used to achieve consensus on appropriate indications for the use of arterial
reconstructive surgery and major amputation in the management of chronic critical
lower limb ischaemia.
In Chapter 7, a retrospective sample of primary major amputations and arterial
reconstruction operations performed for chronic critical lower limb ischaemia is
compared with the consensus indications to determine the extent to which actual
practice conformed with agreed practice, and whether this varied between hospitals.
Chapters 2 and 3 contain literature reviews which were used to provide the evidence-
base to which the Delphi consensus method was applied. Chapter 4 puts the research
contained in the subsequent chapters into context by discussing the methods used to
investigate and improve clinical effectiveness, their general applications and
limitations. Chapters 5, 6 and 7 describe original research undertaken by me. Chapter 8
includes a general discussion of the research undertaken and methods used including
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their limitations and Chapter 9 concludes by summarising the results obtained and the
actions taken as a result.
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CHAPTER 2
Epidemiology of chronic critical lower limb ischaemia
"Over the years man's ingenuity in developing the means ofself-destruction has been
equalled only by his resourcefulness in his efforts at reconstruction. The evolution of
ever more destructive weaponry and the introduction of tobacco have necessitated
refinement of surgical techniques, and the development of sophisticated prosthetic
devices"
(Campbell and Thornberry 1988).
2.1. Introduction
Because peripheral arterial disease is a common condition, many people are at risk of
developing chronic critical lower limb ischaemia. The prevalence of both peripheral
arterial disease and critical ischaemia increase with age. With increasing life-
expectancy and declining birth rates, the elderly account for an increasing proportion of
the population. The incidence of diabetes mellitus, another risk factor for critical lower
limb ischaemia, is also rising. Both of these factors will tend to increase the incidence
of critical ischaemia over time. An overall decline in cigarette smoking may act to
offset this effect. However, the increase in smoking among younger people, particularly
young girls, may have a delayed adverse effect. Comorbidity is common among those
with critical ischaemia, and case-fatality rates are high. Many patients require at least
one amputation, and secondary procedures are common. This chapter reviews the
epidemiology of chronic critical lower limb ischaemia, in terms of the frequency and
determinants of the disease, and its natural history.
6
2.2. Definition of chronic critical lower limb ischaemia
From an epidemiological perspective, the definition of critical limb ischaemia is
important, particularly if comparisons are to be made geographically or over time. The
Fontaine classification (Table 2.1.) has been adopted widely in Europe as a means of
grading the severity of ischaemia.
Table 2.1. The Fontaine classification of severity of limb ischaemia
Grade Clinical presentation
I No clinical symptoms
II Intermittent claudication
III Ischaemic rest pain
IV Ischaemic ulceration or gangrene
However, its usefulness is limited by the fact that stage III (rest pain) is too broad a
category to distinguish between claudicants suffering from nocturnal pain and patients
with critical ischaemia but no tissue loss.
In 1981, a working party was established at the International Vascular Symposium in
London to produce a more precise definition of critical limb ischaemia (Bell et al.
1982). This working party defined critical limb ischaemia in non-diabetics as either:
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• Rest pain requiring repeated analgesia for at least four weeks, associated
with an ankle Doppler pressure below 40 mmHg, or
• Superficial tissue necrosis or digital gangrene, associated with an ankle
Doppler pressure below 60 mmHg.
A second working party was subsequently formed in the United States and generally
supported this definition (Ad Hoc Committee 1986). However, a major criticism of
these criteria was that diabetics were excluded. In spite of their large number, it was
thought that diabetics should not be included because both the clinical presentation and
outcome of critical ischaemia is different in diabetics and non-diabetics.
In 1986, the Joint Vascular Research Group in Britain (Wolfe 1986) undertook a
prospective study to test the above criteria, and concluded that inclusion of Doppler
ankle pressures was only of value in patients who had rest pain in the absence of
ulceration and gangrene. Diabetics were found to have a similar range of ankle
pressures to non-diabetics and were included. Their suggested criteria for critical limb
ischaemia in both diabetics and non-diabetics were:
• Rest pain associated with an ankle Doppler pressure below 40 mmHg, or
• Rest pain with ulceration and/or gangrene.
In 1988, the European Working Group on critical limb ischaemia (European Working
Group 1989) concluded that ankle pressure measurements were invalid in the large
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number ofpatients, particularly diabetics, who had arterial calcification. In view of this,
an alternative criterion of absent peripheral pulses was included for these patients. The
European Consensus Working Group's definition was employed in this thesis.
2.3. Impact of chronic critical lower limb ischaemia on society
2.3.1. Incidence and prevalence
There have been no population studies of the incidence of critical limb ischaemia.
Therefore estimates of incidence have largely been deduced through indirect methods.
Approximate numbers can be calculated using our knowledge of other stages in the
natural history of peripheral arterial disease. Inferences can be drawn from the
frequency of asymptomatic peripheral arterial disease and intermittent claudication, and
their patterns of progression. Alternatively, data on amputation rates can be used, as in
the estimated incidence of critical limb ischaemia quoted in the European Consensus
Documents (European Working Group 1989, 1991).
Asymptomatic peripheral arterial disease and intermittent claudication
Peripheral arterial disease is a common condition which is greatly under-diagnosed.
This is partly due to the fact that many patients with evidence of peripheral arterial
disease from examination or non-invasive investigations are nonetheless asymptomatic.
In the Basle study only one-third of those with detectable disease reported claudication
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(Dormandy et al. 1989, Widmer et al. 1964). In the Edinburgh Artery Study, 5% of
people aged 55-74 years reported intermittent claudication, but a further 8% had
evidence of significant asymptomatic peripheral arterial disease (Fowkes et al. 1991).
Other population studies have calculated the true prevalence of peripheral arterial
disease to be five times greater than that reported for intermittent claudication (Criqui
et al. 1985a). Conversely, a history of claudication can be present in the absence of
significant peripheral arterial disease (Criqui et al. 1985a). In addition to unrecognised
cases of asymptomatic disease, ascertainment of symptomatic cases can also be
incomplete. Only 10%-50% of individuals with intermittent claudication present to the
medical profession (Davey-Smith et al. 1990, Hughson et al. 1978, Reid et al. 1974).
Population estimates of the prevalence of intermittent claudication range from 0.3% to
7.7% (Fowkes 1988).
In order to include asymptomatic disease in assessments of peripheral arterial disease
prevalence, some surveys have used clinical evaluation of pulse abnormalities. In a
British study of subjects over 60 years of age, an absent dorsalis pedis pulse was
present in 22.7% of men and 9.8% of women (Fudbrook et al. 1962). An American
study reported similarly high prevalence rates of 31.6% and 19.5% respectively
(Sackett and Winkelstein 1965). However, there is marked inter-observer variation in
the assessment of pulse abnormalities, regardless of clinical expertise (Fudbrook et al.
1962, Myers 1987), and it is of doubtful value in epidemiological surveys.
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Non-invasive tests of the haemodynamic effects of arterial obstruction are recognised
to be more valid and reliable than palpation of distal pulses. In one American study a
number of non-invasive investigations were performed on 613 people with an average
age of 66 years (Criqui et al. 1985a). Evidence of large vessel peripheral arterial disease
was reported in 11.7%. A Danish survey of 666 people over 60 years of age
demonstrated an ankle-brachial pressure ratio below 0.9 in 16% of men and 13% of
women (Schroll and Munck 1981).
Major amputation rates
More than 60,000 amputations are performed in the USA each year (Berardi and
Keonin 1978). In 1986, nearly 5000 new patients were referred to limb fitting centres in
England, Wales and Northern Ireland following lower limb amputations for vascular
insufficiency (DHSS 1989, Dormandy and Thomas 1988). This represented about half
the total number of such amputations performed in these countries. An average district
general hospital serving a population of 250,000, can expect to perform between 20 and
40 major amputations for limb ischaemia each year (Dormandy and Thomas 1988).
In 1990, 722 major amputations performed in Scotland had a principal disease code of
peripheral vascular disease, diabetes or gangrene, equivalent to an annual amputation
incidence of 142 per million population (Pell et al. 1994b). In Scotland, the annual rate
of referral to limb-fitting centres is 132 per million population (Knight and Urquhart
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1989). Therefore it appears that a higher proportion of Scottish amputees are referred
for prostheses.
A UK multicentre study of 409 patients with critical limb ischaemia demonstrated that,
one year following presentation, 25% had undergone major amputation, 55% had
retained both legs and 20% were dead (Wolfe 1986). Approximately 90% of
amputations are attributed to vascular insufficiency (DHSS 1989, Dormandy and
Thomas 1988, Knight and Urquhart 1989, Renstrom 1981). The European Consensus
Working Group utilised these pieces of information to estimate the population
incidence of critical ischaemia from amputation rates (European Working Group 1989,
1991) (Table 2.2.). They assumed that the annual incidence of critical ischaemia would
be approximately four times the incidence of major amputation. As shown in Table
2.2., this produced an estimated population incidence of critical lower limb ischaemia
of around 600-1200 per million population per annum.
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Table 2.2. Annual incidence of major amputation and estimated incidence of critical
lower limb ischaemia from population surveys in UK, USA and Denmark
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(Adapted from European Working Group on Critical Leg Ischaemia (1991). Second
European Consensus Document on Chronic Critical Leg Ischaemia. Circulation
(Suppl) 84:IVI-IV26.)
Some authors believe the European Working Groups figures to be an overestimate.
Data from West Berkshire and Oxfordshire suggested that the true incidence in these
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areas may lie between 250 and 300 per million population per year (Collin 1992,
Gutteridge 1993).
2.3.2. Time-trends
In 1986, a prospective study by Wolfe demonstrated that 90% of patients with critical
lower limb ischaemia undergo major amputation, arterial reconstruction or
percutaneous transluminal angioplasty over the twelve months following presentation.
More recent figures are not available. It is likely that the overall percentage of patients
operated on has remained relatively constant, although the relative contributions made
by individual procedures may have changed. Therefore time trends in amputation and
limb salvage procedures provide some indication of changes in both the incidence and
management of critical lower limb ischaemia.
Hippocrates of Cos (46-380BC) is attributed with the earliest descriptive account of
amputation (Phillips 1973) although this was essentially a debridement procedure
(Vitali et al. 1978). "De Medicus" written by Celsus in 50AD provides the earliest
account of amputation through healthy tissue proximal to the diseased portion, and
therefore provides the foundation of modern amputation (Celsus 1938). Below-knee
amputations were introduced in the 1940's, but only adopted widely into practice in the
1970's.
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Arterial reconstructive surgery is a much more recent innovation and came into general
use in the early 1950's (Andros et al. 1988). During the late 1960's and 1970's, distal
reconstructions were added to the surgical repertoire, following a growing number of
reports of successful grafts to the peroneal and tibial arteries (Auer and Hershey 1973,
Baird et al. 1970, Foster and Yonke 1971, Garrett et al. 1968, McCaughan 1966,
Royster and Reiss 1968, Sheiber and Parks 1974, Tyson and DeLaurentis 1966, Tyson
and Reichle 1969). There has been an increase in the percentage of grafts terminating at
infrapopliteal arteries (Andros et al. 1988, Auer et al. 1983, Bandyk et al. 1989,
Bernhard et al. 1972, Dale 1965, Fogle et al. 1987, Levine et al. 1985, O'Mara et al
.1981, Tyson and Reichle 1969, Veith et al. 1981c&1985). Some surgeons now report
more infrapopliteal than popliteal bypasses (Bandyk et al. 1989, Leather and Karmody
1986, Levine et al. 1985). Infrapopliteal bypasses have, in turn, led to bypasses to the
crural vessels. Increasing numbers of distal reconstructions have been encouraged by a
changing patient population as well as developments in surgical philosophy and
technique. Of particular influence has been the general resurgence of the in-situ vein
technique (Andros et al. 1988, Corson et al. 1984).
Percutaneous transluminal angioplasty (PTA) was first described thirty years ago
(Dotter and Judkins 1964) and introduced more widely following development of a
flexible catheter in 1974 (Gruntzig and Hopff 1974). PTA can be used as both an
alternative and adjunct to arterial reconstruction and major amputation (Creasy et al.
1990, Jeans et al. 1986, Johnston et al. 1987).
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Amputation rates might have been expected to decrease following the development of
"limb salvage" procedures such as arterial reconstructive surgery and PTA. Certainly a
number of published case series from highly specialised tertiary centres did report a
reduction in amputation rates (Coddington 1988, Imray et al. 1994, Jeans et al. 1986,
Pedersen et al. 1994, Sembo et al. 1991, Stern 1988, Vallance 1991, Veith et al 1990).
However, the results of single institutions are affected by referral patterns and case-mix
and may therefore be subject to selection bias (Luther et al. 1996). Early population
studies failed to corroborate a decline in amputation rates. There was no decrease in
lower limb amputations in the Danish county of Aalborg between 1961 and 1971
(Christensen 1976), and Liedberg and Persson (1983a) reported a four-fold increase in
the age-standardised rate of amputations in Malmohus county in Sweden between 1910
and 1980. Liedberg and Persson (1983a) speculated that one contributing factor may
have been an increased life-expectancy among diabetics following the introduction of
insulin. However, the proportion of diabetics remained constant, and their exclusion
from the analysis left a residual three-fold increase in the age-standardised incidence of
amputations. Sethia et al. (1986) also reported a one-third increase in amputation rates
between 1974 and 1984.
A number of population-based studies have compared trends in amputation rates and
limb salvage procedures over the same period. Earlier studies failed to demonstrate a
beneficial effect from increased use of limb-salvage procedures. USA national
discharge data indicated that a 56% increase in arterial reconstructive surgery from
1979 to 1985 was associated with a paradoxical 45% increase in lower limb
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amputations (Ernst et al. 1987). A more recent study from Maryland reported no
decline in amputation rates between 1979 and 1989, despite a dramatic increase in PTA
and a doubling in bypass surgery (Tunis et al. 1991).
Within Western countries, there has been a large increase in the total number of
operations performed for critical limb ischaemia up to 1990. Although the incidence of
peripheral arterial disease may have increased slightly over this period, there is no
evidence of a rise sufficient in magnitude to account for the increase observed in
operation rates (D'Agostino et al. 1989, Kannel et al. 1970, Kannel and McGee 1985,
Sytkowski et al 1990). A number of alternative explanations have been suggested. With
increasing pressure on surgeons to be conservative wherever possible, some patients
who previously would have undergone primary major amputation may now be
undergoing initial attempts at either arterial reconstruction or more distal amputation
which may, in some cases, be unsuccessful requiring subsequent proximal amputation.
Therefore the increased number of operations performed may not reflect a similar
increase in the number of individuals treated. In a study from the Montiefiore Centre, in
the USA, the average number of procedures performed for peripheral arterial disease
rose from 1.2 per patient in 1974 to 1.8 in 1989 (Veith et al. 1990). In Leicester, the
proportion of amputees who underwent prior attempts at revascularisation increased
from 6% to 40% between 1974 and 1990 (Sayers et al. 1993). However, in Scotland
between 1981 and 1990, the ratio of numbers of arterial reconstruction operations to
numbers of individuals undergoing such operations remained fairly constant at between
1.1:1 and 1.2:1 (Pell et al. 1994a). Furthermore, the percentage of arterial
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reconstruction operations followed within one year by amputation fell steadily from
16% to 11%. These facts suggest that, within Scotland, increased numbers of
operations are unlikely to be simply the result of increased numbers of procedures per
patient.
Another possible explanation for the increase in operations is that with advances in
early non-invasive detection of disease and improved surgical technique, reconstructive
surgery may now be performed on patients with earlier stages of disease for whom
consideration of amputation would not have been appropriate. Within Scotland,
hospital admissions attributed to "peripheral vascular disease" increased by 50%
between 1981 and 1990. However, those coded as resulting from "gangrene" did not
increase (Figure 2.1.).
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Figure 2.1. Time trends in admissions to Scottish hospitals attributed to peripheral
vascular disease and gangrene between 1981 and 1990
No. admissions
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
Year
Although the introduction of limb salvage procedures failed to reduce amputation rates
prior to the 1980's, evidence is now accumulating that they may since have had an
impact. Prior to the widespread use of arterial reconstruction, around 10% of patients
presenting to hospital with ischaemia underwent amputation (Dormandy and Thomas
1988). This figure has fallen since to nearer 3%. In one hospital in Edinburgh,
amputation rates rose steadily up to 1990, but plateaued thereafter (Pell et al. 1994a). In
Scotland as a whole, rates of arterial reconstruction doubled between 1981 and 1990.
During this period, the age-sex standardised rate of major amputation for peripheral
arterial disease fell by 22%, with most of this decline occurring after 1987 (Pell et al.
1994b) (Figure 2.2.).
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Figure 2.2. Time trends in the age-sex standardised incidence of major amputation in
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This decline was not consistent in all age-groups. Amputation rates fell significantly in
those under 65 years of age, but not in older age-groups (Fig 2.3.). This difference is
likely to reflect a generally less aggressive approach to treatment of the elderly, since
primary amputations and emergency procedures were significantly more common in
this group.
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Figure 2.3. Time trends in the age-specific rates of major amputation and arterial
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Scottish evidence of a recent decline in amputations is corroborated by research from
Denmark where amputation rates fell by 25% between 1986 and 1990 (Lindholt et al.
1994) and from West Berkshire where, between 1983 and 1991, an eleven-fold increase
in rates of arterial reconstruction was associated with a one-third reduction in major
amputation rates (Gutteridge 1993). In Western Australia, major amputation rates fell
between 1980 and 1992 due to a decline in primary amputation which was only
partially offset by an increase in the rate of amputations following failed attempts at
reconstruction (Mattes et al. 1997).
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2.4. Risk factors for chronic critical lower limb ischaemia
The majority of peripheral arterial disease can be attributed to advanced age, cigarette
smoking and diabetes mellitus. In one study, only 12% of claudicants possessed none
of these risk factors (Liedberg and Persson 1983b).
2.4.1. Age
The incidence of peripheral arterial disease increases with age (Auerbach et al 1968,
Peabody et al. 1974, Widmer et al. 1964). In the Basle study, the annual incidence rose
from 0.8% in those aged 35-44 years, to 3.6% in those over 65 years (Dormandy et al.
1989, Widmer et al. 1964). In a USA study, there was evidence of large vessel disease
on non-invasive haemodynamic testing in only 3% of people under 60 years of age,
compared with 20% of those over 75 years (Criqui et al. 1985a).
As with asymptomatic disease, intermittent claudication also increases with age, both
in terms of incidence and admission rates (Tibell 1971). In the Basle study, the five
year cumulative incidence of intermittent claudication was 1% in men aged 35-44
years, compared to 6% in those over 65 years (Widmer et al. 1985). Intermittent
claudication was reported by 1.0%-1.5% of men under 50 years of age, compared to
2.2%-5.0% of those over 55 years (Criqui et al. 1985a, Dormandy et al. 1989,
Dormandy and Murray 1991, Fowkes 1988, Fowkes 1990, Fowkes et al. 1991, Kannel
and McGee 1985, Reid et al 1974, Smith et al. 1991).
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Amputations are also much more common among the elderly. In Sweden, 45% of
amputees were 80 years or older, and the annual incidence of amputation rose from 40
per 100,000 in those aged 60-69 years, to 540 per 100,000 in those aged 80-89 years
(Kald et al. 1989, Liedberg and Persson 1983a). Similarly, in Denmark, the amputation
rate increased from 0.3 per 100,000 population under 40 years of age, to 226 per
100,000 over 80 years (Eickhoff et al. 1980), and, in Oxford, from 32 per 100,000 in
the 65-69 year age group, to 94 per 100,000 in those over 80 years of age (Sethia et al.
1986). Within Scotland, amputation rates currently range from 6 per 100,000 in those
under 65 years, to 63 per 100,000 in those over 65 years (Pell et al. 1994b). In patients
over 80 years of age, the rate is 146 per 100,000. In Edinburgh, 86% of amputees are
over 60 years of age (Jamieson and Ruckley 1983). The age-distribution of amputees
differs between men and women. Eighty five percent of female amputees are over 70
years of age, compared to only 50% of men (Harris et al. 1974). Of new referrals to
limb-fitting centres in the United Kingdom, two-thirds are over 65 years of age and
one-third over 75 years (DHSS 1989, Gregory-Dean 1991, Knight and Urquhart 1989).
The median ages for men and women are 68 and 73 years respectively.
More than 5,000 patients over the age of 80 years present with critical limb ischaemia
annually in the UK and Ireland (da Silva et al. 1994). Age at presentation affects both
the management and outcome of critical ischaemia. Among those over 84 years,
amputations are more likely to be performed as emergency procedures and less likely
to be preceded by attempts at limb-salvage (Pell et al. 1994b). Da Silva et al. (1994)
reported limb-salvage rates of 71.5% in younger patients, compared to only 59.7% in
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the elderly. Case-fatality rates were also significantly higher in older patients. However,
although the overall fatality rate in critically ischaemic patients was 24%, one-third of
these deaths occurred in patients treated conservatively. Case-fatality rates in elderly
patients offered amputation or revascularisaton were only 5% and 9% respectively (da
Silva et al. 1994). Although the length of stay was not related to age, only 40% of
elderly patients were discharged home, compared to 67% of younger patients (da Silva
et al. 1994).
2.4.2. Sex
Compared with women, men have a higher prevalence ofboth asymptomatic peripheral
arterial disease and intermittent claudication (Gregory-Dean 1991, Hertzer 1991,
Higgins and Kjelsberg 1967, Hughson et al. 1978, Peabody et al. 1974, Reunanen et al.
1982). A Danish survey of 666 people over 60 years of age, reported intermittent
claudication in 5.8% of men, compared to only 1.3% of women (Schroll and Munck
1981). In general, population studies have reported a prevalence in men 1.3-4.5 times
higher than that in women (Criqui et al. 1985a, Fowkes et al. 1991).
In the Framingham study, the annual age-adjusted incidence of intermittent
claudication was 0.3% in men and 0.1% in women (Kannel et al. 1970, Kannel and
McGee 1985). The incidence of intermittent claudication was comparable between the
sexes when women were 10 years older than men (Kannel and Shurleff 1973).
Although men had a higher incidence than women at all ages, the magnitude of this
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sex-difference decreased with age. Between 50 and 70 years of age, the annual
incidence in men increased three-fold from 0.2% to 0.6%, whereas in women it rose
seven-fold from 0.07% to 0.5% (Kannel et al. 1970, Sytkowski et al. 1990)
In addition to having a higher incidence of peripheral arterial disease, men also have a
poorer prognosis following diagnosis. Men suffering from claudication are 1.7 times
more likely to have local disease progression than women (PACK 1989). Therefore the
male:female ratio for the incidence of intermittent claudication (1.3:1-4.5:1) is much
lower than that for severe peripheral ischaemia (3:1-13:1) (Dormandy and Murray
1991).
A review of Danish national discharge data revealed a male:female ratio of 1.5:1 for the
incidence of both lower limb amputation and vascular reconstruction (Eickhoff et al.
1980). In the United Kingdom the ratio for amputation is nearer 3:1 (Little et al. 1974,
Weaver and Marshall 1973). Sixty three percent of new referrals to Scottish limb-fitting
centres, and 71% of those to English centres are male (Davies et al. 1989, Gregory-
Dean 1991, Knight and Urquhart 1989). Women have the same amputation incidence
as men when 3.3 years older (Liedberg and Persson 1983b). However, as with
intermittent claudication, the male-female ratio of amputees approaches parity with
increasing age (Gregory-Dean 1991). An excess of male amputees is present up to 75
years of age, when numbers become equal. Beyond 84 years of age, amputees are
predominantly female (Knight and Urquhart 1989).
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2.4.3. Cigarettes
Cigarette smoking is a more important risk factor in the aetiology of peripheral arterial
disease than that of coronary arterial disease (Fowkes et al. 1992). In the Framingham
study, 78% of cases of intermittent claudication were attributed to cigarette smoking
(Kannel and Shurleff 1973). Multivariate analyses suggest that the risk of peripheral
arterial disease associated with smoking is greater than that associated with other risk
factors and is independent of their effect (da Silva et al. 1979, Fowkes et al. 1991,
Kannel and Shurleff 1973, Liedberg and Persson 1983b). The risk from smoking
applies to all ages and increases with the number of cigarettes smoked (Cronenwett et
al. 1984).
In addition to increasing the risk of developing peripheral arterial disease, smoking also
worsens its prognosis (Kannel and Shurleff 1973). It increases case-fatality rates among
claudicants by 1.5%-3.0% (Gyntelberg 1973, Reunanen et al. 1982). It also makes local
progression of disease more likely (Cronenwett et al. 1984, PACK 1989). Amputation
is more common among claudicants who smoke, particularly if they smoke heavily
(Jelnes et al. 1986, Juergens et al. 1960). Sixty four percent of male vascular amputees
smoke compared to only 43% of the male general population (Knight and Urquhart
1989). The corresponding figures for women are 38% and 35% respectively. Vascular
amputees report smoking an average 12 cigarettes per day over a median of 50 years
(Knight and Urquhart 1989). Claudicants who continue to smoke the same number of
cigarettes are twice as likely to undergo amputation as those who stop or reduce their
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smoking habit (Hughson et al. 1978). Cessation of smoking can halt or delay vascular
changes (Janzon 1974), but does not reduce the overall risk of amputation over the
following 2-3 years (Jelnes et al. 1986). Only 1 in 7 amputees who smoke at the time of
operation subsequently stop smoking (Knight and Urquhart 1989).
Since 1920, amputations have increased at a similar rate to cigarette smoking in
Malmohus county in Sweden (Liedberg and Persson 1983b). There were significantly
more current smokers among amputees than among age-sex-matched controls, and
smoking more than 10 cigarettes a day reduced the mean age at amputation by 13 years
in men and 26 years in women (Kald et al. 1989, Liedberg and Persson 1983b).
The higher incidence of peripheral arterial disease and amputations in men has been
attributed to the differences in smoking habits between the sexes. Indeed, an increasing
number of female smokers may explain why the male:female ratio for claudication has
gradually fallen from 10:1 in the 1960's (Mathieson et al. 1970, Reunanen et al. 1982,
Taylor and Calo 1962) to nearer parity in the late 1980's (Fowkes et al. 1991). As yet,
the sex-difference for amputation has not reduced significantly. However, a time lag
would be anticipated between changes in the population experience of claudication and
changes in amputation rates. Therefore an increase in the proportion of female
amputees may yet occur.
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2.4.4. Diabetes mellitus
Diabetes mellitus affects l%-5% of people in Western countries, and 10%-20% of
those affected are insulin-dependent (Bingley and Gale 1989, Krolewski and Warram
1985). Over the past three decades, there has been a 2-3 fold increase in the incidence
of both insulin-dependent and non-insulin dependent diabetes mellitus (Orchard. 1998).
Diabetes mellitus has long been recognised as a risk factor for peripheral arterial
disease (Fowkes 1988, Fowkes et al. 1991). The cumulative incidence of peripheral
arterial disease in diabetics is 15% by 2 years, and 45% by 20 years (Beach et al. 1988,
Melton et al. 1980). In the Framingham study intermittent claudication was
approximately five times more prevalent among diabetics than non-diabetics (Kannel
and McGee 1985).
In addition to being a risk factor for the development of claudication, diabetes mellitus
also has an adverse effect on prognosis (Hughson et al. 1978, PACK 1989). Over a six-
year period 40% of diabetic claudicants develop rest pain or gangrene, compared to
only 18% of non-diabetic claudicants (Jonason and Ringqvist 1985). After eight years,
the amputation rates are 56% and 20% respectively (Hughson et al. 1978). Only 50%
of diabetic claudicants survive six years, compared with 74% of non-diabetic
claudicants (Jonason and Ringqvist 1985).
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Diabetes is more common among amputees than the general population (Gutman et al.
1987, Mazze et al. 1985, Most and Sinnock 1983). Diabetics consitute only l%-5% of
the general population, but form more than half the amputees in many series (Burgess
et al. 1971, Moore et al. 1972, Warren et al. 1973). The association between diabetes
and amputation is independent of other risk factors, including age and smoking
(Liedberg and Persson 1983b). In a Swedish study, 37% of lower limb amputees were
diabetic, compared with 4% of age-matched controls (Liedberg and Persson 1983b). In
a Danish study, 45% of amputees were diabetic, and 56% of these were insulin-
dependent (Kald et al. 1989). In England and Wales, 20% of amputees referred for
limb-fitting had their amputation attributed to diabetes (DHSS 1989).
In the USA, the annual amputation rate among non-diabetics is only 200 per million
population, compared with 3,900 per million in diabetics (Hughson et al. 1978, Most
and Sinnock 1983). After age-adjustment, amputation rates are still 15 times higher in
diabetics. Amputations were performed in 6.8% of diabetics in the Basle study,
compared with only 0.6% of non-diabetics (Widmer et al. 1985). In a 12-year
prospective study of Pima Indians, the annual incidence of primary amputations was
0.1 per 1000 in non-diabetics, compared with 10.4 per 1000 in diabetics (Jarrett et al.
1982)
The increased risk of critical ischaemia in diabetics is attributed not only to the
development of large vessel disease, but also to the microangiopathy, neuropathy and
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infections that are classically associated with diabetes. Lower limb ulceration and
gangrene occurs in 10% of all elderly diabetics (Jonason and Ringqvist 1985).
Diabetics generally undergo amputation at an earlier age than non-diabetics
(Christensen 1976, Hansson 1964, Hierton and James 1973). In a Danish study,
diabetic amputees were, on average, three years younger than non-diabetics
(Christensen 1976). In a Swedish study, diabetic men and women were nine and five
years younger respectively (Liedberg and Persson 1983b). Non-insulin dependent
diabetics fall between insulin-dependent diabetics and non-diabetics with regard to
their average age at amputation. The mean time from diagnosis of insulin dependence
to amputation is 13 years (Liedberg and Persson 1983b). However, diabetes alone
rarely causes symptomatic peripheral arterial disease before 60 years of age (Oakley et
al. 1956), and amputations among non-smoking diabetics are very uncommon in this
age group (Goldner 1960). In one Swedish study, only 5% of diabetic amputees were
less than 60 years of age, and all were smokers (Liedberg and Persson 1983b).
Survival rates for diabetic amputees are poor. Operative mortality is up to 25%
(Gutman et al. 1987), and only 50% survive three years (Bild et al. 1989). Within four
years of amputation, 53% of diabetic amputees have undergone contralateral operations
(Silbert 1952).
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2.4.5. Other risk factors
Local progression of peripheral arterial disease has been shown to be associated with a
low ankle-brachial pressure index (Jelnes et al. 1986, PACK 1989). Population studies
suggest that a number of other factors, such as blood pressure, lipid levels and
haemostatic factors, may be associated with the development of intermittent
claudication, although their role in progression to critical ischaemia is not yet fully
established.
A possible association between hypertension and intermittent claudication was
suggested by a number of cross-sectional studies (Hughson et al. 1978, Isacsson 1972,
Kannel and McGee 1985, Melton et al. 1980, Schroll and Munck 1981), and further
supported by two longitudinal studies. In the Framingham study, hypertension was
associated with a three-fold increase in the risk of intermittent claudication over 26
years (Kannel and McGee 1985). In a Danish longitudinal study of 50 year-old men,
their initial blood pressure correlated significantly with their ankle-brachial pressure
indices ten years subsequently (Schroll and Munck 1981). However, the Basle study
demonstrated no association with hypertension (da Silva et al. 1979).
Hypercholesterolaemia has been reported in some studies to be an independent risk
factor for peripheral arterial disease (Christensen 1976, Fowkes 1988, Hale et al. 1988,
Leng and Fowkes 1991, Reunanen et al. 1982, Taylor and Calo 1962), although these
findings are not corroborated by other studies (Hughson et al. 1978, Isacsson 1972). In
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the Framingham and Danish longitudinal studies, high initial serum cholesterol levels
were associated with subsequent development of intermittent claudication (Kannel and
McGee 1985, Schroll and Munck 1981), and in the Edinburgh Artery Study cholesterol
levels were independently associated with both symptomatic and asymptomatic
peripheral arterial disease (Fowkes et al. 1992). Serum cholesterol was shown to have a
significant association with smoking, with the relationship between cholesterol and
ankle-brachial pressure index being stronger in current smokers than ex- or non-
smokers (Fowkes et al. 1992).
Although an association has been reported between raised triglyceride levels and
peripheral arterial disease, it is not independent of other risk factors (da Silva et al.
1979, Fowkes et al. 1992, Pomrehn et al. 1986, Schroll and Munck 1981). HDL-
cholesterol has been shown to possess a negative correlation with peripheral arterial
disease, but again was not demonstrated to be an independent factor in most studies
(Beach 1979, Fowkes et al. 1992, Jacobson et al. 1984, Leng and Fowkes 1991).
Some studies have suggested an association between haemostatic factors and peripheral
arterial disease. Fibrinogen levels, haematocrit and plasma viscosity have all been
found to be higher in cases of peripheral arterial disease than controls (Fowkes 1988,
Hamer et al. 1974, Harris et al. 1978, Lowe 1987). However, all these factors are
affected by smoking and therefore could be disease markers rather than causal factors.
In the Framingham study, an elevated haematocrit was not associated with a greater
risk of intermittent claudication (Kannel and McGee 1985).
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Hyperuricaemia is known to have an effect on platelet aggregation (Leng and Fowkes
1991), and higher levels have been reported in cases of peripheral arterial disease than
controls (Greenhalgh et al. 1971, Hughson et al. 1978, Sitori et al. 1974). However an
association was not confirmed in the Danish Longitudinal Study (Schroll and Munck
1981).
2.5. Natural history of chronic critical lower limb ischaemia
2.5.1. Local disease progression
In the Basle study, as many as one-third of people with asymptomatic peripheral
arterial disease ultimately developed intermittent claudication (Widmer et al. 1985).
Most of our information on symptom progression and intervention rates after the onset
of intermittent claudication is derived from studies restricted to those individuals
referred to hospital. Untreated, the symptoms of three-quarter of claudicants will at
least stabilise, and may improve, due to the development of collateral vessels (Cotton
1984, Dormandy and Mahir 1986, Dormandy and Thomas 1988, Dormandy et al.
1989, Hertzer 1991, Imparato et al. 1975, Jelnes et al. 1986, Juergens et al. 1960,
McAllister 1976, MacPherson et al. 1970, Taylor and Calo 1962). In one-quarter of
cases local disease progression does occur to some extent (Dormandy et al 1989,
Dormandy and Murray 1991). However, only a minority develop critical ischaemia
(Bloor 1961). This number is curtailed, in part, by the high number of premature deaths
from other causes. Deterioration is most likely to occur during the first year after
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referral, during which time 7.5% of claudicants develop rest pain, ulceration or
gangrene (Jelnes et al. 1986). This figure falls to 2.2% in subsequent years. Over five
years, less than 5% of claudicants develop gangrene (Imparato and Riles 1984). In the
HAWAII study, 55% of people undergoing below-knee amputations for critical
ischaemia had no symptoms of ischaemia six months previously (Dormandy et al.
1994).
Before widespread use of arterial reconstruction, 3%-12% of claudicants underwent
amputation over a 2-15 year follow-up period (Begg and Richards 1962, Biland et al.
1985, Bloor 1961, Bothig et al. 1976, Dormandy and Thomas 1988, Gyntelberg 1973,
Hertzer 1991, Schadt et al. 1961, Silbert and Zazeela 1958, Singer and Rob 1960,
Taylor and Calo 1962). In more recent studies, the amputation rate has fallen only
slightly, with most studies reporting rates of 2%-7% over 2-8 years of follow-up
(Criqui et al. 1985b, Cronenwett et al. 1984, Dormandy and Thomas 1988, Isacsson
1972, Jelnes et al. 1986, Kallero 1981, Taylor and Calo 1962). However, these studies
are based on only those claudicants presenting to doctors. As mentioned previously,
this is likely to represent only 10%-50% of claudicants present within the general
population (Davey-Smith et al. 1990, Hughson et al. 1978, Reid et al. 1974, Reunanen
et al. 1982). Therefore the true incidence of amputation among claudicants is probably
nearer 1% (Dormandy and Thomas 1988, Reunanen et al. 1982). This figure is
supported by community-based epidemiological studies in which only 1.2%-1.8% of
those with intermittent claudication progressed to amputation (Dormandy et al. 1989,
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Dormandy and Murray 1991, Kannel et al. 1970, Kannel and McGhee 1985, PACK
1989, Widmer et al. 1964, Widmer et al. 1985).
Although few claudicants develop critical ischaemia, between 5.5% and 8% undergo
arterial reconstructive surgery or PTA each year (MacPherson et al. 1970, PACK
1989). These procedures are aimed primarily at palliating symptoms. They are not
intended to be curative since they are unlikely to alter the natural history of the
underlying disease.
Between 75% and 90% of patients with critical ischaemia undergo some form of
surgical intervention within twelve months of presentation (European Working Group
1991, Wolfe 1986). One-quarter have major amputation and one-half arterial
reconstruction. Most of the remainder have PTA or conservative treatment. Amputation
is more likely among those with more severe ischaemia, although not inevitable.
Studies pre-dating arterial reconstruction, and other "limb-salvage" procedures,
reported amputation rates of between 38% and 55% in those with critical ischaemia
over 1-12 years of follow-up (Bloor 1961, Cranley et al. 1959, Hines and Barker 1940,
Juergens et al. 1960, Schadt et al. 1961, Taylor and Calo 1962). In patients suffering




Mortality among claudicants is 2-4 fold that in an age-sex matched normal population
(Davey-Smith et al. 1990, Dormandy 1991, Fowkes et al. 1991, Gutman et al. 1987,
Kannel et al. 1970, Reunanen et al. 1982, Rose et al. 1977, Widmer et al. 1964), and
life expectancy is approximately ten years lower (Bloor 1961, Dormandy et al. 1989,
Ernst et al. 1987). In a prospective study of 1969 claudicants, Dormandy and Murray
(1991) reported an annual mortality of 4.3%. All-cause mortality rates at five and ten
years were 30% and 50% respectively (Dormandy 1991).
The poor prognosis associated with claudication is related primarily to the presence of
atherosclerosis at other sites. Fifty four percent of people with asymptomatic peripheral
arterial disease, and up to 71% with intermittent claudication, have some evidence of
ischaemic heart disease (Dormandy et al. 1989, Fowkes et al. 1991, Ruckley 1991), and
27%-29% have angiographic evidence of severe coronary artery disease (Hertzer
1991). The long-term incidence of serious coronary events among claudicants is twice
the expected figure for men, and five times that for women (Kannel et al. 1970).
Premature death occurs more commonly from co-existing cardiac and cerebrovascular
ischaemia than local progression of peripheral arterial disease (Dormandy et al. 1989,
Dormandy and Murray 1991, Gilliland et al. 1986). Myocardial ischaemia accounts for
up to 63% of deaths in claudicants, and 40%-57% of deaths in those with
asymptomatic peripheral arterial disease (Christensen 1976, Dormandy and Thomas
1988, Dormandy et al. 1989, Dormandy 1991, Kallero 1981, Widmer et al. 1985). A
36
further 7%-28% die from cerebrovascular accidents, and 10% of deaths are due to other
vascular events, such as ruptured aortic aneurysms (Dormandy et al. 1989, Dormandy
1991, PACK 1989). The most sensitive predictors of death among claudicants are
advanced age, a history of ischaemic heart disease and a low ankle-brachial pressure
index (Dormandy and Murray 1991, Jelnes et al. 1986, PACK 1989).
A UK multicentre study of 409 patients suffering from critical lower limb ischaemia,
reported a 20% mortality rate one year following presentation (Wolfe 1986). In a
Swedish study of 167 patients with rest pain who did not undergo operations following
presentation, 50% ofnon-diabetics and 60% of diabetics died over five years (Hughson
et al. 1978). As described in the next chapter, major amputation and arterial
reconstruction have little effect on the high mortality in those suffering from critical
ischaemia. As with intermittent claudication, myocardial infarction and stroke account
for most deaths following major amputation. Ninety seven percent of amputees suffer
from other diseases in addition to peripheral arterial disease and diabetes (Berardi and
Keonin 1978). Up to three-quarters of those with critical lower limb ischaemia have
evidence of heart disease or a history of a previous myocardial infarction, and up to
one-quarter have a history of a previous stroke (Berardi and Keonin 1978, Jamieson
and Ruckley 1983, Reichle et al. 1979).
As with claudication, deaths due directly to critical ischaemia are rare. Over half of
those with critical ischaemia die from a cardiovascular event (Myers et al. 1978a,
Reunanen et al. 1982). A further 10% die from strokes, and 8% from aneuryms and
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other manifestations of vascular disease (Reunanen et al. 1982). Only a minority of
patients die in the peri-operative period from direct complications of the amputation.
The risk factors for death in those with critical ischaemia are similar to those in
claudicants (Kihn et al. 1972, Myers et al. 1978a). The best predictor of death within
three months of major amputation for vascular insuffiency is clinically detectable
myocardial disease (Dormandy 1991). Diabetes is also an important factor. Fifty
percent of non-diabetics presenting with critical ischaemia are alive at five years,
compared to only 30% of diabetics (Myers et al. 1978a).
2.6. Conclusions
Studies of the incidence and prevalence of chronic critical lower limb ischaemia are
lacking. Therefore these figures have had to be calculated indirectly from our
knowledge of the prevalence of asymptomatic peripheral arterial disease and
intermittent claudication and their natural history, and from major amputation rates.
One in twenty middle-aged people in Scotland have intermittent claudication (Fowkes
et al. 1991), but asymptomatic disease is common and the true prevalence ofperipheral
arterial disease is 3-5 times higher (Criqui et al. 1985a, Dormandy et al 1989, Fowkes
et al. 1991, Widmer et al. 1964). Of those patients with intermittent claudication who
present to the medical profession, one-quarter experience some degree of local
progression of disease (Dormandy et al. 1989, Dormandy and Murray 1991) but a
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much smaller proportion progress to critical ischaemia (Bloor 1961). Deterioriation is
most likely to occur over the first year during which time 7.5% develop rest pain or
tissue loss (Jelnes et al. 1986). In subsequent years this figure falls to 2.2% (Jelnes et
al. 1986). Five percent of claudicants develop critical ischaemia within five years of
presentation (Imparato and Riles 1984). However, only 10%-50% of claudicants
present to doctors (Davey-Smith et al. 1990, Hughson et al. 1978, Reid et al. 1974).
Therefore only l%-2% of all claudicants in the community progress to critical
ischaemia (Dormandy et al. 1989, Dormandy and Murray 1991, Kannel et al. 1970,
Kannel and McGhee 1985, PACK 1989, Widmer et al. 1964, Widmer et al. 1985). This
would equate to an incidence in the general population of between 500 and 1000 per
million population.
The Eupean Consensus Group (1989, 1991) utilised the results of the study by Wolfe
(1986) in which one-quarter of patients with chronic critical lower limb ischaemia
underwent major amputation within one year of presentation. They concluded that the
incidence of critical ischaemia can be estimated by multiplying the major amputation
rate by four. This equates to an United Kingdom annual incidence of critical ischaemia
of around 600-800 per million (DHSS 1989, Pell et al. 1994b) which is of a comparable
magnitude to the figures derived from the studies of intermittent claudication. In
Scotland, this would equate to around 3,000-4,000 new cases of chronic critical lower
limb ischaemia each year. Since Wolfe's study was published the proportion of patients
with critical ischaemia treated by major amputation may have fallen. Therefore,
multiplying by a factor of four may now produce an under-estimate of the true
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incidence. In this case, the number of new cases of critical ischaemia per annum in
Scotland may exceed the estimated figure of 4,000.
The results reported by Wolfe (1986) may no longer apply. However, we do not have
access to more recent figures on the proportion of patients with critical limb ischaemia
who proceed to major amputation and arterial reconstruction within one year of
presentation. Within Scotland, the ratio of arterial reconstruction rate to major
amputation rate has increased over the last decade (Pell et al. 1994b). At first glance,
this would appear to suggest that the proportion of patients with critical ischaemia who
undergo major amputation has fallen due to increased use of limb-salvage. However,
the rate of arterial reconstruction includes patients with pre-critical disease. Also, the
use of sequential operations on individual patients makes it difficult to draw
conclusions about individual patients from population rates. Therefore, in the absence
of more recent figures, the results reported by Wolfe (1986) continue to be applied.
Advanced age, cigarette smoking and diabetes mellitus are all independently associated
with the development of peripheral arterial disease and its progression to critical
ischaemia. The vast majority of disease can be attributed to these three factors with
only 12% of claudicants possessing none of these risk factors (Liedberg and Persson
1983b).
In addition to being associated with an increased risk of developing critical lower limb
ischaemia, age at presentation also affects both management and outcome. Elderly
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patients are more likely to have major amputations performed as an emergency and are
less likely to have prior attempts at limb-salvage (da Silva et al. 1994, Pell et al.
1994b). Elderly patients have higher ease-fatality rates, and are less likely to be
discharged home (da Silva et al. 1994). With increasing life-expectancy and declining
birth rates, the elderly account for an increasing proportion of the population. Therefore
the burden of chronic critical lower limb ischaemia is likely to increase.
In addition to having a higher incidence of claudication, men also have a poorer
prognosis. Men suffering from intermittent claudication are almost twice as likely to
have local disease progression as women (PACK 1989). Therefore the sex difference
in incidence is even greater for critical ischaemia than intermittent claudication. The
incidence of intermittent claudication is comparable between the sexes when women
are ten years older than men (Kannel and Shurleff 1973), and women have the same
amputation incidence as men when three years older (Liedberg and Persson 1983a).
The magnitude of both sex differences decrease with age.
Cigarette smoking is the most important risk factor in developing peripheral arterial
disease. Seventy eight percent of intermittent claudication cases can be attributed to
smoking (Kannel and Shurleff 1973). Smoking is associated with a poorer prognosis,
both in terms of local disease progression and case-fatality rates. The higher incidence
of peripheral arterial disease in men has been attributed to sex differences in smoking.
Similarly, the declining sex-difference over recent years has been attributed to differing
trends in smoking habits between the sexes. Whilst cigarette smoking has declined
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overall the incidence among young women has increased markedly. A reduction in the
sex difference in criticial ischaemia has yet to be documented but may yet occur as a
greater time-lag would be anticipated.
As with smoking, diabetes mellitus is a risk factor for developing both peripheral
arterial disease and critical ischaemia. Over eight years, 40% of diabetic claudicants
develop rest pain or gangrene, compared to only 18% of non-diabetic claudicants
(Jonason and Ringqvist 1985). Major amputation rates are 20 times higher in diabetics
than non-diabetics (Hughson et al. 1978, Most and Sinnock 1983), and insulin-
dependent diabetics undergo amputation between three and nine years earlier than non-
diabetics (Christensen 1976, Liedberg and Persson 1983b). Survival is also poorer
among diabetics, with an operative mortality of up to 25% (Gutman et al. 1987), and
50% three-year survival rate (Bild et al. 1989).
The introduction of "limb-salvage" procedures such as arterial reconstructive surgery
and PTA in the 1950's and 1970's respectively, did not initially result in a decline in
major amputations. In fact, some studies continued to report an increase in amputation
rates (Ernst et al. 1987). This has been attributed, in part, to both an increase in multiple
procedures on individual patients (Veith et al. 1990) and a reduction in the threshold for
surgical intervention. If these procedures are being performed on patients with earlier
stages of disease a time-lag might be anticipated before any beneficial effect, and more
recent studies have demonstrated a decline in amputation rates since the mid-1980's
(Pell et al. 1994a&b, personal communication EickhoffJH).
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Mortality rates are several times higher in patients with intermittent claudication and
critical lower limb ischaemia than in the general population (Davey-Smith et al. 1990,
Dormandy 1991, Kannel et al. 1970, Reunanen et al. 1982, Rose et al. 1977, Widmer et
al. 1964). However, deaths are rarely a direct result of peripheral arterial disease, being
more commonly due to coexisting coronary and cerebrovascular disease. Three-
quarters of patients with severe or critical ischaemia have evidence of coronary heart
disease (Berardi and Keonin 1978, Dormandy et al. 1989, Fowkes et al. 1991, Jamieson
and Ruckley 1983, Reichle et al. 1979, Ruckley 1991) and more than half of the deaths
occurring in this group can be attributed to heart disease (Myers et al. 1978a, Reunanen
et al. 1982). As a result lower limb surgery, such as major amputation and arterial
reconstruction, have little effect on mortality and must be judged primarily in terms of
symptom relief. The outcomes associated with these procedures are discussed in further
detail in Chapter 3.
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CHAPTER 3
Outcome following major amputation and arterial reconstructive surgery
"It cannot be too often repeated that when an operation is once performed, nobody can
ever prove that it was unnecessary. If I refuse to allow my leg to be amputated, its
mortification and my death may prove that I was wrong; but ifI let the leg go, nobody
can ever prove that it would not have mortified had I been obstinate. Operation is
therefore the safe sidefor the surgeon."
(Preface to"The Doctor's Dilemma" Bernard Shaw)
3.1. Introduction
To date, there have been no randomised trials comparing primary major amputation,
revascularisation procedures and conservative treatment in the management of chronic
critical lower limb ischaemia. Because arterial reconstruction is now accepted as part of
routine clinical practice such trials are unlikely to be undertaken. However, published
observational studies and case-series provide some evidence of the relative
effectiveness of primary major amputation and arterial reconstruction, and the
complication rates following these procedures.
In reviewing non-randomised studies, it has to be borne in mind that case-selection
often differs between the two procedures, with patients undergoing primary amputation
tending to be older, with more widespread disease, and higher rates of comorbidity
(Dormandy and Thomas 1988). Therefore some of the differences observed in
outcomes may be due to differences in case-mix. Also, results are most likely to be
published by centres with a special interest in these procedures where the results
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achieved are likely to be better than those achieved in non-specialist centres.
Interpretation of results is further complicated by the lack of standardisation in the
definitions applied to disease severity, type of procedure and outcomes, and the period
of follow-up over which results are reported.
This chapter reviews the available evidence on outcomes following arterial
reconstruction and major amputation. The risks and benefits of major amputation and
arterial reconstruction are compared to each other. Because the majority of patients
with chronic critical ischaemia undergo some form of surgery, comparisons with




The perioperative mortality associated with major amputation has improved
considerably over the past few decades, In the 1940's mortality rates were commonly
around 42% overall (Silbert 1948), and up to 75% in diabetics. Rates were higher still
in those who presented with cellulitis or rapidly spreading gangrene (Herrmann and
Gibbs 1945, Mandelberg and Sheinfeld 1946, Perlow and Roth 1949). Following the
introduction of antibiotics mortality rates fell to below 30% (Dale and Jacobs 1962,
Otteman and Stahlgren 1965, Thompson et al. 1965)
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In the last twenty years, perioperative mortality for below-knee amputation has been
reported to lie between 3% and 10% in most centres (Table 3.1). Mortality rates for
above-knee amputation are generally higher, and in several series exceeded 20% (Table
3.1.). This reflects the fact that these patients tend to be older, in poorer general health,
and have more widespread atherosclerotic disease. Primary above-knee amputation is
sometimes preferred in these patients because post-operative mobilisation is less likely
to be successful, and therefore less important than optimising the likelihood ofprimary
healing.
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Table 3.1. Perioperative mortality rates associated with below- and above-knee
amputation
Source N- patients BKA* mortality AKA** mortality
% (95% CI) % (95% CI)
Ecker and Jacobs 1970 178 8.7 (4.6, 2.8) 12.4 (7.6,17.2)
Kihn et al. 1972 427 8.5 (5.9,11.2) 13.0(9.8,16.2)
Berardi and Keonin 1978 100 13.9 (7.1,20.7) 4.5 (0.4,8.6)
Potts et al. 1979 90 15.6 (8.1,23.1) 6.5(1.4,11.6)
Finch etal. 1980 145 3.2 (0.3,6.1) 26.0(18.9,33.1)
Rush et al. 1981 256 6.4 (3.4,9.4) 11.0 (7.2,1.8)
Haynes and Middleton 1981 286 6.9 (4.0,9.8) 29.0 (23.7,34.3)
Porter etal. 1981 312 16.4 (12.3,20.5) 1.1 (-0.1,2.3)
Jamieson and Ruckley 1983 64 17.0 (7.8,26.2) 28.0(17.0,39.0)
Bunt et al. 1984 253 0.9 (-0.3,2.1) 2.8 (0.8,4.8)
Ratcliffe et al. 1984 62 10.8(3.1,18.5) 9.5(2.2,16.8)
Gregg 1985 183 8.0 (4.1,11.9) 23.0(16.9,29.1)
* BKA Below-knee amputation
** AKA Above-knee amputation
(Adaptedfrom Dormandy JA and Thomas PRS. (1988) What is the natural history ofa
critically iscahemic patient with and without his leg? In: Greenhalgh RM et al. (ed)
Limb salvage and amputationfor vascular disease. WB Saunders, Philadelphia pi9.)
Some specialist centres with an interest in amputation for severe ischaemia have
reported extremely low mortality rates of around 1% for below-knee amputation and
3% for above-knee amputation (Bunt et al. 1984). This has been attributed by some to
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aggressive medical management, including admission to an intensive care environment
prior to elective surgery, meticulous surgical and nursing care, multidisciplinary team¬
work and the use of a "dry ice boot" to obtain a physiological amputation thereby
preventing the release of toxic metabolites from gangrenous tissues (Bunt et al. 1984,
Rosenberg et al 1970).
Published case-series report a perioperative mortality rate for arterial reconstruction of
between 1.3% and 5.6% (Crawford et al. 1981, DeWeese and Rob 1977, Dormandy
and Thomas 1988, Hobson et al. 1985, Kram et al. 1991, LoGerfo et al. 1977, Maini
and Mannick 1978, Myers et al. 1978a, Ramsburgh et al. 1977, Reichle and Tyson
1972&1975, Reichle et al. 1979, Szilagyi et al. 1979, Taylor et al. 1990, Towne et al.
1981, Veith et al. 1981a). However, some of these series included patients with
intermittent claudication. Compared to those with critical ischaemia, claudicants are
younger and have less advanced and widespread atherosclerosis. Therefore mortality
among claudicants is likely to be lower. Hence, some figures quoted may be an under¬
estimate of the true mortality associated with arterial reconstruction for critical
ischaemia. However, those studies in which recruitment was restricted to patients with
critical ischaemia nonetheless reported rates of under 6%.
In addition to the difficulties of taking account of differences in case-mix, many
published series report "hospital" mortality rates rather than those at a fixed period of
follow-up, such as 30 days. Since amputees tend to remain in hospital for longer
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periods than those undergoing arterial reconstruction, comparisons may again be biased
in favour of the latter.
Perioperative mortality for secondary attempts at revascularisation has been reported to
lie between 1% and 7.5% (Bartlett et al. 1987, Tyson et al. 1978, Veith et al. 1981a).
This compares favourably with that reported for primary reconstructions. It does not
increase significantly with the number of repeat revascularisation procedures (Bartlett
et al 1987), and is still considerably less than that often reported for primary amputation
(Finch et al 1980, Maini and Mannick 1978, Malone et al. 1979, Porter et al. 1981).
3.2.2. Late mortality
Long-term mortality rates following major amputation are high. Up to one-third of
patients die within two years (Knight and Urquhart 1989, Lack et al. 1987, Stern 1988,
Weiss et al. 1990) and between 50% and 75% die within five (Dormandy and Thomas
1988, Finch et al. 1980, Little et al. 1974, Myers et al. 1978a, Rush et al. 1981). As
with perioperative mortality, long-term survival is poorer for above- than below-knee
amputees. It has improved little over the past thirty years, despite improvements in
surgical technique, patient selection and pre- and post-operative care. This may be due,
in part, to changes in operative thresholds. Patients selected now for "limb-salvage"
procedures are likely to be those who would have had the best prognosis following
major amputation. Primary amputation may now be restricted to older patients, with
significant comorbidity and widespread disease. However, the failure to reduce long-
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term mortality may also reflect our inability to influence the underlying disease and its
progression, as well as the coexistence of coronary and cerebrovascular disease on
which lower limb surgery has no effect.
The long-term mortality following arterial reconstruction is disputed. Myers et al.
(1978a) reported a ten-year mortality rate of only 46%. This is superior to that
following amputation. Even higher survival rates have been reported by some authors
(Bartlett et al. 1987, Hertzer 1981). However, patients selected for arterial
reconstruction may not be comparable to those undergoing amputation. Also, these
favourable findings are not unanimous. Many authors have reported five-year mortality
rates following arterial reconstruction which are more comparable with those following
major amputation (DeWeese and Rob 1977, Dormandy and Thomas 1988, Towne et al.
1981, Veith et al. 1981a).
Comparable long-term survival following amputation and arterial reconstruction has
been used as both an argument for revascularisation and an argument against it.
Proponents of reconstruction argue that it can achieve improved quality of life without
deteriment to survival (Kihn et al. 1972, Maini and Mannick 1978, Otteman and
Stahlgren 1965, Perlow 1962, Scher et al. 1986, Veith et al 1981a) whilst antagonists
argue that the extra cost of complex reconstruction operations, and the need for
secondary procedures in a significant proportion of patients, cannot be justified if
reconstruction fails to improve survival (Stoney et al 1971).
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Mortality following distal reconstruction is higher than that following more proximal
grafts. Maini and Mannick (1978) reported 36% five-year survival following
femorotibial reconstructions, compared to 54% following femoropopliteal grafts.
However, this is again likely to reflect selection bias, since distal reconstructions tend
to be performed on patients with more widespread disease.
3.2.3. Factors affecting mortality
Age
Mortality following amputation increases with age (Harris et al. 1974, Potts et al.
1979), although this is a less important factor than disease status (Jamieson and
Ruckley 1983). Age also affects mortality following arterial reconstruction. In a review
of 20,000 infra-inguinal bypass operations, Plecah et al. (1985) reported an in-hospital
mortality of 7% in those over 75 years of age, compared to only 2% in younger
patients.
Comorbidity
Perioperative mortality following major amputation is most commonly due to sepsis or
cardiovascular disease (Berardi and Keonin 1978, Huston et al. 1980, Potts et al. 1979,
I
Rosenberg et al. 1970, Tripses and Pollak 1981). Above-knee amputees are at greater
risk of dying from sepsis than below-knee amputees, who are more likely to die from
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myocardial infarction (Rush et al. 1981). The presence of co-existing medical
conditions is not a significant factor in predicting perioperative mortality (Harrison et
al. 1987, Kihn et al. 1972). However, the presence of diabetes, ischaemic heart disease
or cerebrovascular disease does significantly reduce longer-term survival (Dormandy
1991, Finch et al 1980, Rosenberg et al. 1970, Weiss et al. 1990).
Number ofprocedures
In a study by Kihn et al. (1972), perioperative mortality following amputation was
doubled if the operation occurred within three weeks of a failed attempt at
reconstruction. However, other studies have reported no adverse effect from prior
arterial reconstruction on perioperative mortality (Ellitsgaard et al 1990, Veith et al.
1981a).
3.3. Local outcomes and complications
3.3.1. Delayed healing or non-healing following primary amputation
Stump complications, such as wound infection, oedema and dehiscence, occur in 16%-
37% of below-knee amputations (Berardi and Keonin 1978, Rosenberg et al. 1970,
Tripses and Pollak 1981, Weiss et al 1990). These can result in delayed healing or non¬
healing of the stump (Potts et al. 1979, Stern 1988). Most studies have reported primary
healing rates of around 70%, with a further 13%-22% of stumps undergoing delayed
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healing (Dormandy and Thomas 1988). However, the more recent HAWAII study,
which recruited 713 patients from nine European countries, reported primary healing
rates of only 42% (Dormandy et al. 1994). A number of factors influence stump
healing:
Preoperative infection and tissue loss
Limbs which are infected preoperatively have a four-fold higher risk of postoperative
wound infection (Berardi and Keonin 1978, Tripses and Pollak 1981, Weiss et al.
1990). Open drains also increase the likelihood of infection, even if used in conjunction
with antibiotics (Tripses and Pollak 1981). Some studies have reported that the
presence of gangrene does not adversely affect healing (Chilvers et al. 1971, Warren
and Kihn 1968). However, others have shown that gangrene is significantly associated
with a higher revision rate, even after adjusting for age, comorbidity, prior vascular
surgery, amputation level and the presence ofpreoperative infection (Weiss et al 1990).
Diabetes mellitus
The effect of diabetes on stump healing is disputed. Some authors have reported that
diabetics have a higher incidence of wound infections (Cruse and Foord 1973) and
therefore heal more slowly (Kritter 1973, Sizer and Wheelock 1972). Some have
attributed this to microvascular obstructive changes (Siperstein et al. 1968), and others
to a direct effect of insulin on the wound healing process (Goodson and Hunt 1977).
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Conversely, some authors have described higher healing rates among diabetics
(Cranley et al. 1969, Dormandy 1991, Kacy et al. 1982, Moore et al. 1972), provided
that the disease affects only small and not large vessels. Silbert and Haimovici (1950)
reported that better healing in diabetics resulted in a larger proportion of them retaining
the knee. Other studies have found no difference in stump complications and healing
rates in diabetics and non-diabetics (Berridge et al. 1989, Eneroth and Persson 1992,
Moller et al. 1985, Squires et al. 1982, Tripses and Pollak 1981).
Age
A number of studies have reported that younger patients are at a significantly greater
risk of developing stump infections and necrosis (Couch et al. 1977, Roon et al. 1977,
Tripses and Pollak 1981, Warren and Kihn 1968). They are more likely to require
reamputation at a higher level because of failure of the stump to heal. These adverse
results may simply reflect selection bias, whereby the amputation level is likely to be
more distal in younger patients (Warren and Kihn 1968). This hypothesis is supported
by studies, such as that published by Potts et al. (1979), in which healing is as good in




Sequential operations are common. Up to 30% ofbelow-knee amputations are followed
by reamputation at a higher level (Dormandy and Thomas 1988), and up to half of
amputees have prior attempts at arterial reconstruction (Dormandy 1991). The effect of
previous surgery on amputation healing and level are discussed in sections 3.3.2. and
3.3.4.2.
Amputation level
Above-knee amputees are twice as likely to suffer systemic complications (Potts et al.
1979) because they have more widespread disease and comorbidity. However, they are
less likely to suffer wound complications (Potts et al. 1979). Healing rates for above-
knee amputation are far higher than for below-knee amputation (Cohen et al. 1974).
However, Kihn et al. (1972) showed that above-knee amputations which were
undertaken following failed below-knee amputation had healing rates (74%) which
were much lower than those ofprimary above-knee amputations (95%).
As mentioned previously the effect of previous surgery on amputation healing is
discussed in more detail in section 3.3.2.
Selection of amputation level used to be based solely on pre-operative angiography,
and the amount of bleeding in theatre. However, angiography reveals little about
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capillary blood flow and neither method was an accurate predictor of healing. A
number of methods of assessing skin perfusion have since been developed, including
Doppler systolic pressure measurements, transcutaneous oxygen and carbon dioxide
measurements, fluorescein angiography, skin thermometry and intradermal xenon-133
measurement (Barnes et al. 1976, Burgess et al. 1982, Dowd 1986, Malone et al. 1987,
Oishi et al. 1988, Ratcliff et al. 1984, Wagner et al. 1988). Some studies have reported
that use of these methods can improve healing rates without adversely affecting the
proportion of amputations performed below the knee (Dowd 1986, Malone et al.
1979&1981). These results would suggest more appropriate selection of amputation
level. However, the advantages of skin perfusion measurement are not universally
accepted, and these methods have not, as yet, been accepted into routine clinical
practice in most centres.
Temporary prostheses
Some centres apply temporary prostheses at the time of operation to permit limited
weight-bearing ambulation by the first or second postoperative day. This process is
intended to accelerate rehabilitation and reduce lengths of stay in hospital. It may also
decrease mortality by reducing the risk of complications associated with immobility,
such as pneumonia and thromboembolism. Some critics have published evidence that
immediate postoperative prostheses (IPOP) may be deleterious to healing (Cohen et al.
1974). However, others studies found no evidence that the application of IPOPs
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compromised healing (Moore et al. 1972), and others reported improved healing rates
(Malone et al. 1981).
3.3.2. Reoperation following primary major amputation
Amputation does not prevent progression of the underlying disease. Therefore serial
and bilateral amputations are common (Weiss et al. 1990). Ipsilateral reamputation is
more common following below-knee than above-knee amputation. Up to 30% of
below-knee amputations are followed by reamputation at a higher level (Dormandy and
Thomas 1988, Dowd 1986, Holstein 1985, Kazmers et al. 1980, O'Dwyer and Edwards
1985). In a correlational study of a number of different centres, Dormandy and Thomas
(1988) reported a positive correlation between the proportion of major amputations
performed at the below-knee level and the percentage of below-knee amputations
requiring reamputation at a higher level. The majority of ipsilateral operations are
performed because of failure of the initial amputation stump to heal. Once a stump has
healed, the likelihood of an ipsilateral re-amputation is less than that of a contralateral
amputation (Dormandy and Thomas 1988). Only four percent of all major amputations,
and 15% ofbelow-knee amputations, are converted to a higher level after the stump has
successfully healed (Dormandy and Thomas 1988, Kihn et al. 1972). This suggests that
less blood flow is required to maintain healed tissues than to achieve healing of an
ischaemic amputation stump.
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Up to 50% of amputees require a contralateral amputation (Dormandy and Thomas
1988, Kihn et al. 1972). Hoar and Torres (1962) reported that diabetic amputees more
commonly develop ischaemic lesions of the contralateral leg. However, Kihn et al.
(1972) found that neither diabetes, age nor general mobility predicted the development
of contralateral disease.
3.3.3. Graft failure following arterial reconstructive surgery
Whittemore et al. (1981) reviewed 109 failed femoropopliteal vein grafts and described
three types of graft failure: early failure, failure during the first year following
reconstructive surgery and failure after the first year.
Early graft failure occurs within 30 days of the operation and can, in some cases, be
attributed to inappropriate patient selection or technical errors (Darling et al. 1967,
Szilagyi et al. 1979, Tyson et al. 1978). With improvements in surgical technique, poor
outflow has become the predominant cause of early graft failure, especially in the case
of distal and polytetrafluoroethylene (PTFE) grafts (Ascer et al. 1984a&b&1985, Bell
and Parvin 1988, Yeager et al. 1982). The use of preoperative and completion
angiography to assess "run-off has significantly reduced the risk of early graft failure
(Ascer et al 1987). However, angiography used in isolation is not always an accurate
measure of the quality or diameter of recipient vessels, particularly where these are
distal vessels and flow is poor (Ascer et al. 1988a). The severity of disease can be
overestimated due to faint or incomplete visualisation of arteries. Therefore
58
supplementary methods such as Doppler pressure measurements, digital subtraction
angiography (DSA) and biplanar films, are often required to assess the number or
location of patent vessels to the ankle and the adequacy of the pedal arch (Ascer et al.
1984a&b, Roedersheimer et al. 1981).
Other factors shown to be associated with early patency include inflow (Charlesworth
et al. 1975, Madiba et al. 1997), the presence of diabetes and heart disease, the angle of
insertion of the distal end of the graft (Klimach et al. 1984), the type of graft (Bergan et
al 1982, Charlesworth et al. 1985), the experience of the surgeon (Davies et al. 1989),
the general condition of the patient, perioperative hypotension and blood loss (Bell and
Parvin 1988).
Vein graft failure during the first year following reconstructive surgery is due to the
development of stenotic lesions within the graft itself. Arterialised vein grafts may
develop several different types of lesions: limited fibrotic stenoses, diffuse intimal
thickening or fibrous intimal hyperplasia, vein valve fibrosis, suture line stenoses,
diffuse atherosclerosis and aneurysmal dilatation (Imparato et al. 1972, Szilagyi et al.
1973). Vein grafts which develop diffuse intimal thickening, atherosclerosis or
aneurysmal dilatation tend to remain patent. By contrast graft failure occurs in 67% of
vein grafts with fibrotic valve lesions, 89% of those with fibrotic stenoses and 63% of
those with suture line stenoses (Imparato et al. 1972, Szilagyi et al. 1973, Whittemore
et al 1981).
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Graft failure more than one year following reconstructive surgery is due to progression
of the atherosclerosis in the vessels proximal or distal to the graft, rather than failure of
the graft itself (Tyson et al. 1978, Whittemore et al. 1981). Factors affecting disease
progression, and therefore long-term patency rates, include continued smoking (Myers
et al. 1978c), diabetes mellitus, pseudointimal hyperplasia (Beard and Fairgrieve 1986),
the use of antiplatelet drugs (Goldman et al. 1983) or warfarin (Kretschmer et al. 1986),
and the level of graft insertion (Bell and Parvin 1988). Compared with men, women
have lower five-year primary patency rates especially following grafts to the tibial
artery (Belkin et al. 1995).
As mentioned above, the choice of conduit material, its length and location can affect
both early and late patency rates.
Conduit material
Arterial reconstruction operations can be performed using autologous vein grafts or
prosthetic conduits. Early results from experimental (Hastings et al. 1978) and clinical
(Hobson et al. 1980) studies suggested that autologous saphenous vein and PTFE grafts
produced comparable results. However, mid-term evaluations revealed higher failure
rates for femoro-inffapopliteal bypasses performed using synthetic prostheses (Yeager
et al. 1982). These results were confirmed by subsequent long-term results (Hobson et
al. 1985). Over long periods of follow-up, failure rates of up to 78% have been
reported for distal prosthetic grafts (Veith et al. 1986a).
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Some doubt has also been raised regarding the performance of PTFE femoropopliteal
grafts in the management of critical lower limb ischaemia (Hobson et al. 1985). Some
investigators have reported superior patency rates for autologous vein grafts and have
suggested that PTFE grafts may accelerate distal atherosclerosis (O'Donnell et al.
1984). Hobson et al. (1985) concluded that, for femoropopliteal grafts, PTFE should
only be favoured over autologous vein when life-expectancy is low or the ipsilateral
saphenous vein is unavailable or unsuitable for use. PTFE was not considered a suitable
conduit for distal reconstruction. They advised that if an autologous vein graft was not
feasible, primary amputation should be considered. However, this was an observational
study which included patients who had previously undergone failed ipsilateral
autologous vein grafts. Attempted autologous vein grafts have been demonstrated to
have an adverse effect on the performance of subsequent PTFE grafts (Yeager et al
1982). Therefore the study design may have been biased against PTFE grafts.
Bergan et al. (1982) carried out a prospective trial in which patients with suitable
saphenous veins were randomised to receive autologous vein or PTFE grafts. Three-
year patency rates were comparable for the two materials following femoropopliteal
reconstructions. However, following distal reconstruction, the cumulative patency rates
were 37% and 20% respectively. Veith et al (1986a) reported five year primary patency
rates of 12% following infrapopliteal PTFE grafts, compared to 49% with saphenous
vein grafts. However when reoperations were taken into account, they reported no
significant difference in overall patency rates.
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Length of conduit
The relationship between vein graft length and patency has yet to be fully established
(Ascer et al. 1988b). Veith et al. (198 lb& 1985) postulated that, in the presence ofpoor
"run-off," short vein grafts may be more successful than long ones. Andros et al. (1988)
compared two-year patency rates in 243 paramalleolar grafts of different lengths. One
hundred and eleven were long grafts originating in arteries proximal to the adductor
tendon, 88 were short grafts originating at or below the popliteal artery, and 44 were
jump grafts originating near the distal end of a previous femorodistal bypass. The
overall three year secondary patency rate for long autologous vein grafts was 72%. In-
situ vein grafts possessed the highest patency rate of 92%. The figures for short and
jump grafts were 81% and 53% respectively. The limb-salvage rates for long in-situ
vein grafts, short and jump grafts were 90%, 80% and 89% respectively. Long grafts
using prosthetic conduits produced graft patency and limb-salvage rates of under 35%.
Andros et al. (1988) concluded that bypass grafts to the ankle and foot could be both
effective and durable. However, if long conduits were necessary, autologous vein must
be used. Shah et al. (1995) reported a 70% secondary patency rate and 90% limb-
salvage rate ten years following 2,058 in-situ saphenous vein bypasses with no
association demonstrable between graft length and outcome.
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Distal level of graft
There has been some controversy over whether the level of distal anastomosis of PTFE
femoropopliteal grafts is an important factor in determining primary patency rates
(Brewster et al. 1981, Szilagyi et al. 1979, Veith et al. 1986a). Ascer et al (1987)
reported 3-year patency rates for above-knee femoropopliteal grafts of 64%, compared
to only 16% for below-knee femoropopliteal grafts. A further advantage of terminating
grafts above-the-knee is the option of extending failed grafts to the below-knee
popliteal segment. Ascer et al. (1987) demonstrated that this was possible in 28% of
failed above-knee femoropopliteal grafts. However, this is not the only reason for the
superior prognosis following above-knee grafts. Simple thrombectomy of occluded
grafts is also more effective in above-knee bypasses (Ascer et al. 1987). Graft salvage
operations on above-knee grafts produce 52% patency rates at 3 years, compared to
only 13% following below-knee salvage procedures.
Views on grafts to isolated popliteal segments are mixed. Some authors report good
long-term patency rates following such operations and therefore advocate
femoropopliteal bypass to an isolated popliteal artery segment in preference to distal
reconstruction (Davis et al. 1975, Imparato et al. 1974, Mannick et al. 1967, Veith et al.
1981b). Primary femoropopliteal PTFE bypasses have been shown to function well
despite the presence of an isolated popliteal artery on pre-operative angiography (Veith
et al. 1981b). However, this may be due, in part, to the limitations of pre-operative
angiography, since demonstration of an isolated popliteal segment at the time of
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reoperation is a reliable predictor of femoropopliteal graft failure (Ascer et al. 1987).
One year patency rates of only 8% are achieved in such patients (Veith et al. 1981b).
Even if grafts to isolated segments remain patent, limb-salvage may nonetheless remain
threatened, especially in the presence of extensive gangrene or infection in the foot
(Veith et al. 1981b). Hence, some authorities advocate the use of a more distal
reconstruction to a normal tibial vessel with good run-off, in favour of a more proximal
reconstruction to an isolated patent popliteal segment with impaired run-off (Perdue et
al. 1980, Reichle et al 1979).
A third option is the use of a multi-sequential bypass (DeLaurentis and Friedman 1971,
Edwards et al. 1976, Flinn et al. 1980). However, these require further evaluation
(Maini and Mannick 1978).
Location of graft
Outcome, in terms of both patency and limb-salvage, varies with the location of the
graft. From a review of the data held by the National Center for Health Statistics, Stern
(1988) observed that the time from failed reconstruction to amputation was 2-8 times
longer for aorto-iliac reconstructions than femoropopliteal reconstructions, suggesting
that aorto-iliac grafts remain patent for longer.
In a study of 359 patients with critical ischaemia, Perdue et al. (1980) reported five-
year cumulative patency rates of 90% for aortofemoral grafts, 70% for femoropopliteal
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grafts and 49% for femorotibial grafts. The corresponding limb-salvage rates were
93%, 81% and 67% respectively. Similarly, Dardik et al. (1982) reported cumulative
graft patency rates three years following femoropopliteal, femorotibial and
femoroperoneal bypass of 58%, 48% and 25% respectively. The corresponding limb
salvage rates were 64%, 55% and 49%. Maini and Mannick (1978) reported five-year
patency rates for femoropopliteal and femorotibial grafts of 78% and 55% respectively,
and limb-salvage rates of 89% and 73% respectively. Reichle and Tyson (1975)
compared the results of femoropopliteal and femorotibial reconstructions performed for
severe ischaemia in 364 patients. Eight weeks after the initial operation, 81% of
femoropopliteal and 73% of femorotibial grafts were functional, resulting in respective
limb-salvage rates of 81% and 69%. After four years, the graft occlusion rates were
32% and 25% respectively among survivors with intact limbs. Hobson et al. (1985)
reviewed 155 femoropopliteal operations and 91 femorotibial operations. The two-year
limb-salvage rates were 83% and 53% respectively for autologous saphenous vein
grafts and 52% and 20% respectively for PTFE grafts. The five-year rates were 81%
and 47% for autologous vein grafts, and 35% and 15% respectively for PTFE.
Distal reconstructions to the tibial, peroneal or crural vessels attract the greatest debate
as to their merit. Antagonists have observed that they are technically more difficult,
require lengthy and costly operations, and are far less likely to be successful than more
proximal bypasses (Davies et al. 1989, Horrocks 1994). The presence of widespread
atherosclerosis means that repeated attempts at revascularisation are less likely to be
feasible and successful (Myers et al. 1978b, Veith et al. 1980&1981a). Therefore
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failure of a distal graft usually results in a return to severe limb-threatening ischaemia
(Bartlett et al. 1987). However, it has also been claimed that recent improvements in
limb-salvage rates can be attributed entirely to greater use of distal reconstructions
(O'Donohoe et al. 1994). Also, an aggressive approach to revascularisation may be
warranted because of the higher perioperative mortality and poorer rehabilitation
associated with primary amputation (Hobson et al. 1985, Veith et al. 1986a).
In terms of patency and limb-salvage rates, distal grafts have been reported to result in
poorer outcomes than more proximal grafts (Maini and Mannick (1978). Thirty day
patency rates are between 64% and 81% for distal grafts (Imparato et al 1974, Maini
and Mannick 1978, Reichle and Tyson 1975), compared to 76%-90% for
femoropopliteal grafts (Cutler et al. 1976, DeWeese and Rob 1977, LoGerfo et al.
1977, O'Donnell et al. 1977, Ramsburgh et al 1977, Reichle and Tyson 1975). At five
years, only about half of distal grafts are patent (Imparato et al. 1974, Maini and
Mannick 1978, Reichle and Tyson 1975, Veith et al. 1981a). This compares to 60%-
80% five-year patency rates following femoropopliteal reconstruction (Buda et al.
1976, DeWeese and Rob 1977, Maini and Mannick 1978). However, these results are
obtained through observational studies in which the treatment groups are not truly
comparable. Distal grafts tend to be performed in older patients with more severe
generalised disease (Maini and Mannick 1978). Therefore graft failure cannot wholly
be attributed to the technical problems associated with small vessel reconstruction. The
presence of more extensive disease is undoubtedly a factor. Nonetheless, it has been
argued that 50% patency at five years still represents a favourable outcome, since
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failure to perform distal reconstruction in patients with widespread disease would result
in up to 76% requiring amputation within one year (Nicholas et al. 1973).
O'Donohoe et al. (1994) reviewed a series of 25 consecutive autologous vein grafts to
inframalleolar vessels in 23 patients with critical ischaemia. In seven limbs, Duplex
scanning or on-the-table exploration revealed patent vessels not demonstrated by pre¬
operative angiography. The cumulative patency rates at 30 days, 6 months, 1 year and 2
years were 84%, 79%, 79% and 59% respectively. The corresponding limb salvage
rates were 91%, 82%, 82% and 73%. The authors concluded that autologous vein grafts
to inframalleolar vessels were worthwhile procedures in the management of critical
ischaemia.
Horrocks (1994) undertook a prospective study of 517 patients with severe ischaemia
who underwent femorotibial or femoroperoneal bypass surgery at 21 specialist centres
in England, Ireland, the Netherlands and Scandanavia. At twelve months, 42% of
patients were asymptomatic or had claudication, 15% still had rest pain or trophic
lesions, 6% were unclassified and 37% had died or undergone major amputation. Of
the 517 distal reconstructions, 92 were performed using prosthetic grafts. At twelve
months, the primary patency rate for vein grafts was 52%, compared to only 45% for
prosthetic grafts. The secondary patency rates were 60% and 48% respectively. The
outcome was particularly good for reversed vein grafts which had a primary patency
rate of 61%.
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Bypasses to branches in the foot produce better results than those to distal vessels in the
leg (Ascer et al. 1988b). It has been suggested that this may be due to the greater degree
of collateralisation in the run-off bed. The arterial branches in the foot have tributaries
interconnecting with other major branches, whereas the muscular branches in the leg
have a more restricted outflow. This hypothesis is supported by the appearance of
completion angiograms (Ascer et al. 1988b). Since run-off is an important predictor of
patency, distal grafts are often attached only to named arteries in the leg or foot which
have angiographic evidence of good "run-off' (Imparato et al. 1973). However, some
studies have shown that short (<40cm) vein grafts to named infrapopliteal arteries can
produce acceptable patency and limb salvage rates even when the angiogram suggests
poor "run-off' as demonstrated by lack of an intact pedal arch or high outflow
resistance (Ascer et al. 1988b).
Ascer et al. (1988b) reviewed 24 cases of critical ischaemia in which preoperative
angiography suggested occlusion of all the major infrapopliteal arteries, but at least one
large branch of one of the tibial arteries was visualised. Reversed saphenous vein grafts
were performed in all cases. Over 52 months of follow-up, 8 (33%) grafts thrombosed
and 5 patients (21%) required amputation. Bypasses to unnamed branches of proximal
tibial arteries did not fare well, but those to the plantar and lateral tarsal branches
resulted in good graft patency and limb salvage rates. On the basis of these results, the
authors advocated extending the indications for attempting limb-salvage.
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Axillobifemorai grafts are both effective and safe in revascularising the limbs of elderly
patients in whom major aortic procedures would carry a high risk (Maini and Mannick
1978). Early patency rates lie between 90% and 94% (Johnson et al 1977, LoGerfo et
al. 1977). At five years 74%-77% of grafts are patent, and 78%-86% of limbs are intact
(Johnson et al. 1977, LoGerfo et al. 1977, Maini and Mannick 1978).
Femorofemoral cross-over grafts can be used to treat patients with unilateral iliac
occlusive disease. They are relatively simple operations, with minimal complications
and good long-term results. Reports suggest long-term graft patency and limb-salvage
rates of 89%-91% (Ascer et al. 1987, Maini and Mannick 1978).
3.3.4. Reoperation following arterial reconstructive surgery
Graft failure does not make limb loss inevitable. Some limbs remain intact despite graft
occlusion, and others can be saved by further attempts at revascularisation.
Limb-salvage rates are 3%-18% higher than graft patency rates for all types of graft
other than femorofemoral cross-over grafts where the rates are comparable (Maini and
Mannick 1978, Perdue et al. 1980). The difference in patency and limb-salvage rates is
particularly high for more distal reconstructions such as femorotibial and
femoroperoneal grafts (Perdue et al. 1980). Dardik et al (1982) reported a limb-salvage
rate for femoroperoneal grafts twice the patency rate.
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The difference in patency and limb-salvage rates is thought to result from ischaemic
tissues requiring a higher blood flow to initially heal, than is thereafter required to
maintain the healed tissues (Myers et al. 1978b). Early graft occlusions are likely to
precede healing. Therefore limb-salvage rates following early graft occlusion are
poorer than those following later graft occlusion. In a study by Dormandy and Mahir
(1986), 85% of early graft failures required amputation compared to only 55% of late
graft failures.
Conversely, major amputation can nonetheless become necessary despite a graft
remaining patent. One-third of major amputations follow failed attempts at
reconstruction (Stem 1988), and one-third of these secondary amputations are required
despite patent grafts (Couch et al. 1967, Martin and Foster 1975, Myers et al. 1978b,
Naji et al. 1978, O'Donnell et al. 1977, Reichle and Tyson 1972, Reifsnyder et al.
1997, Stoneyetal. 1971).
3.3.4.1. Serial attempts at revascularisation
Sequential attempts at reconstruction are not uncommon, and several reports suggest
that they can produce prolonged patency and limb-salvage (Bell 1985, Dalsing et al.
1985, Raithel 1980). Repeated revascularisations are associated with overall patency
and limb-salvage rates of 80% and 87% respectively at one-year, and 31%-37% and
50%-59% at five years (Bartlett et al. 1987, Brewster et al. 1983, Maini and Mannick
1978, Veith et al. 1986a&b, Whittemore et al. 1981). Whittemore et al. (1981)
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demonstrated no correlation between the cause of graft failure and secondary salvage
rates. They also found no deterioration in outcome with the number of secondary
procedures required. However, as with primary reconstructive surgery, patency
following repeat attempts at revascularisation varies with the location of the graft and
the material used. Results also depend on whether revascularisation is attempted using
graft salvage or reoperation.
Ascer et al. (1987) studied 724 PTFE grafts used to treat critical ischaemia. Twenty
three percent of these grafts failed requiring secondary attempts at revascularisation.
Attempts at graft salvage, such as thrombectomy or revision, resulted in three-year
patency rates of 71% for axillofemoral grafts and 52% for femoropopliteal above-knee
grafts. Graft salvage produced disappointing results for femoropopliteal below-knee
grafts and femorodistal grafts, with patency rates of only 13% and 15% respectively.
Use of a new graft to a different outflow artery resulted in far superior patency rates for
these operations: 48% for femoropopliteal below-knee grafts and 39% for femorodistal
grafts. Ascer et al. (1987) concluded that graft salvage procedures were justified
following occlusion of PTFE axillofemoral or femoropopliteal above-knee grafts.
However, failure of PTFE femoropopliteal below-knee or femorodistal grafts required
bypass to a new site, preferably using autologous vein. Similarly, Veith et al. (1980)
reported sustained improvements in patency after reoperation of failed femoropopliteal
grafts. However, reoperation on more distal grafts was unrewarding (Veith et al.
1981c).
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Whittemore et al (1981) demonstrated that regular graft surveillance enabled early
identification of stenoses prior to complete occlusion. Under such circumstances, a
simple vein patch could be performed, yielding an improved overall patency rate of
85% at five years. Once complete thrombosis had occurred, new vein grafts achieved
the highest five-year patency rate. No prosthetic secondary grafts remained patent
beyond three years.
Mortality rates following reoperation are comparable to those associated with the
primary procedure (Ascer et al. 1987, Whittemore et al. 1981). However, infection rates
are higher following revascularisation procedures, particularly following
thrombectomy. Ascer et al. (1987) reported infection rates of 1.3% following primary
arterial reconstruction, compared to 6% following thrombectomy. Also, the presence of
local scar tissue can make secondary procedures technically difficult, and the associated
neovascularisation results in an increased risk of post-operative haemorrhage,
especially if the patient is on systemic anticoagulants. Wound haematomas are a
frequent complication of reoperation, and require surgical drainage (Bartlett et al.
1987).
3.3.4.2. Limb-salvage following arterial reconstructive surgery
Although arterial reconstructive surgery is used as a "limb-salvage" procedure in
patients with critical lower limb ischaemia, its effectiveness as such has not been
properly assessed using randomised controlled trials. Therefore this has largely been
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inferred from observational studies, comparisons with an historical control group and
correlational studies.
Currently half of patients presenting with chronic critical lower limb ischaemia
undergo arterial reconstructive surgery (European Working Group 1991, Wolfe 1986).
In those undergoing reconstructive surgery, early "limb-salvage" rates of 84% can be
achieved (Veith et al. 1981a). By five years 48% ofpatients are alive, and two-thirds of
these patients have retained their limb (Eckstein et al.. 1996, Veith et al. 1981a). Of the
52% who die, 88% do so with their limb intact. Therefore over five years limb-salvage
is achieved in 78% of patients. Other studies have demonstrated limb-salvage rates of
betwen 56% and 76% at five years follow-up (DeWeese and Rob 1977, Myers et al.
1978b, Reichle et al. 1979, Yogasundaram 1976). Since only one-half of critically
ischaemic patients undergo reconstruction, limb-salvage rates in these patients are
around 28%-39%. However, Veith et al. (1981a) claimed that 90% of patients with
critical ischaemia could appropriately undergo arterial reconstructive surgery. If this
were done without adverse effect on outcomes, up to 70% of limbs could be saved.
Comparisons can be made between the incidence of amputation in people presenting
with ischaemia in the 1950's and the incidence in the 1970's and 1980's following
more widespread use of arterial reconstruction. The amputation incidence has fallen
from 10% to 3% (Dormandy and Thomas 1988) suggesting that approximately two-
thirds ofcritically ischaemic limbs are saved by arterial reconstruction.
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Other investigators have used cross-sectional or correlational studies to compare rates
of major amputation and arterial reconstruction in different areas. If arterial
reconstruction avoids the need for amputation in some patients, a negative correlation
should exist. However, correlational studies in Denmark and the United States have
demonstrated a positive correlation between amputation and reconstruction rates.
Therefore contrary to expectations, residents living in areas with high reconstruction
rates also experience high amputation rates (Chassin et al. 1986a, Eickhoff et al. 1980).
3.3.4.3. Amputation healing following arterial reconstructive surgery
Unsuccessful attempts at arterial reconstruction may result in amputation. Views differ
on whether prior attempts at reconstruction adversely effect the healing of subsequent
amputations, with reported healing rates ranging from 19% to 77% (Couch et al. 1967,
Dardik et al. 1982, Evans et al. 1990, Kazmers et al. 1980, LoGerfo et al. 1977, Naji et
al. 1978, Ramsburgh et al. 1977, Schlenker and Wolkoff 1975, Stoney 1978,
Whittemore et al. 1981).
A number of studies have suggested lower healing rates when amputation is preceded
by arterial reconstruction. Evans et al. (1990) compared healing rates in 551 primary
below-knee amputations and 210 below-knee amputations following failed
femoropopliteal or distal reconstructions. Within these groups, the healing rates were
89% and 77% respectively (p<0.05). Secondary amputations were associated with
poorer healing regardless of the time delay between reconstructive surgery and
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amputation. The HAWAII study assessed the factors affecting healing in 713 below-
knee amputations performed for critical ischaemia in nine European countries
(Dormandy et al. 1994). Forty nine percent of the amputations were preceded by
attempts at arterial reconstruction. Primary healing occurred in only 42% of all
amputations, and the only factor shown to adversely affect healing was a prior attempt
at revascularisation.
Popliteal pressure is a better predictor of stump healing in primary amputation than in
amputation following arterial reconstruction. Evans et al. (1990) reported that pressures
of over 60 mmHg predicted healing in 92% of primary below-knee amputations, but
only 76% of secondary procedures. Kazmers et al. (1980) reported figures of 87% and
52% respectively.
A number of theories have been postulated as to how graft occlusion may adversely
affect stump healing. The blood supply at the level of the stump may be adversely
affected by a number of mechanisms. The surgical procedure itself may directly disrupt
collateral vessels at or above the amputation level (Evans et al. 1990). Alternatively, the
thrombus within the occluded graft may propogate to affect the inflow, outflow or
collaterals vessels. Supporting evidence for this theory comes from the change in
popliteal arterial pressure that follows some distal bypasses (Dean et al. 1975, Evans et
al. 1990, Kazmers et al. 1980). Also, arterial reconstructive surgery may result in the
creation of complex, intersecting incisions or fasciotomy sites which result in post-
revascularisation oedema (Evans et al. 1990). Finally, healing may be impaired by
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surgical complications following arterial reconstruction such as wound infection or skin
necrosis around knee incisions (Schlenker and Wolkoff 1975).
Ifprior attempts at arterial reconstruction do jeopardise stump healing, the final level of
amputation might be expected to be more proximal in some cases than could have been
achieved with primary amputation. A number of studies have reported an adverse effect
on amputation level (Dardik et al. 1982, Kazmers et al. 1980, Ramsburgh et al. 1977,
Stoney 1978, Szilagyi et al. 1979). Szilagyi et al. (1979) demonstrated that 68% of
amputations following failed reconstructions were performed at the above-knee level.
Couch et al. (1967) suggested that half of the above-knee amputations performed
following failed reconstructions could have been performed below the knee as primary
procedures. In a study by Hobson et al. (1985), 23% of below-knee amputations
performed after arterial reconstruction required conversion to above-the-knee level.
This compared with a revision rate of only 19% for primary amputation, although this
difference was not statistically significant. Ellitsgaard et al. (1990) reported a
reamputation rate of only 6% following primary amputation, compared to 14% when
amputation was preceded by an unsuccessful attempt at reconstruction.
Contrary results have been reported in some studies which have demonstrated that,
although arterial reconstruction may increase the likelihood of wound complications,
delay stump healing and prolong convalescence, the final amputation level is not
significantly affected (Burgess and Marsden 1974, Dean et al. 1975, Kihn et al. 1972,
Murdoch 1967, Romano and Burgess 1971, Samson et al. 1982, Veith et al. 1981a).
76
In a much quoted study by Burgess and Marsden (1974), 83% of 140 primary below-
knee amputations eventually healed, compared to 75% of 142 post-reconstruction
below-knee amputations. Because the difference was not statistically significant, the
authors concluded that prior arterial reconstruction did not adversely affect stump
healing. However, under secondary amputations, they included 36 patients who had
only had lumbar sympathectomies prior to amputation. Exclusion of these patients
reduced the healing rate in this group to only 67%
In a study of 14 patients who had undergone unsuccessful attempts at arterial
reconstruction, Dean et al. (1975) found a fall in popliteal pressure in five. However,
only one of these five patients required above-knee amputation. They concluded that
although prior arterial reconstruction appeared to have a deterimental effect on
popliteal artery pressure, final amputation level was not affected. However, the number
of patients recruited to this study was clearly very small.
Bartlett et al. (1987) reported that above-knee amputations were required in only 28%
of patients undergoing multiple attempts at limb-salvage. They concluded that
amputation level was not adversely affected by revascularisation in more than 90% of
cases. In a study by Ellitsgaard et al. (1990) the BKA:AKA ratio following primary
amputation was 1.2:1, which was not significantly different from the 1.1:1 ratio
obtained for amputation following failed arterial reconstruction.
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A number of studies suggest that the effect of failed reconstruction on subsequent
stump healing varies with the location of the graft. In a study by Veith et al. (1981a),
healing at the below-knee level was achieved in 90% of amputations following failed
femoropopliteal reconstruction and 69% following failed distal reconstruction. The
worst prognosis was associated with axillopopliteal reconstruction, following which
only 30% of below-knee stumps healed. The authors argued that the adverse effect of
prior axillopopliteal reconstruction merely reflected selection bias, since patients
undergoing such procedures have advanced disease.
Samson et al. (1982) compared 161 primary amputations, 58 amputations performed
within 3 months of a failed arterial reconstruction, and 23 amputations performed more
than 3 months following arterial reconstruction. Healing at the below-knee level was
obtained in 50% of the primary amputations, 79% of the early secondary procedures,
and 56% of delayed amputations. Of the secondary amputations, healing rates were
lowest in those amputations which followed more distal reconstructions. Ninety percent
of amputations occurring more than 3 months after failed femoropopliteal
reconstructions healed at the below-knee level, compared to only 40% of those
performed more than 3 months after femorotibial or peroneal reconstruction. Ascer et al
(1987) reported BKA:AKA ratios of 1:1 following failed femoropopliteal grafts
compared to 1:4 following failed femorodistal grafts.
Conversely, some studies have suggested superior results following failed distal
reconstructions. Dardik et al. (1982) reviewed 79 major amputations which followed
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arterial reconstruction performed for critical ischaemia. The poorest prognosis followed
failed bypasses to the popliteal artery. Only 44% of amputations following popliteal
bypasses healed at the below-knee level, compared to 54% of those to peroneal arteries,
and 71% of failed tibial bypasses. The corresponding re-amputation rates were 33%,
22% and 17% respectively. The authors pointed out that these results compared
favourably with the 10%-20% of primary below-knee amputations which required
conversion to the above-knee level, and that the results were particularly favourable for
peroneal grafts which have attracted the greatest criticism.
It seems counter-intuitive that the prognosis following peroneal grafts should be
superior to that following popliteal grafts. However, two possible explanations have
been proffered. Firstly, dissection of the popliteal artery for more proximal
reconstruction may interrupt collateral vessels around the knee and, thereby, have a
direct adverse effect on healing. Secondly, the planes of dissection for popliteal bypass
surgery may become contiguous with those of a subsequent amputation leading to
inflammation and possibly even infection. Conversely, the distal incisions used for
tibial and peroneal bypass are remote from the below-knee amputation site and are
therefore included in the amputated limb segment.
The lack of agreement between study findings is reflected in a range of views on the
management of critical ischaemia. Some authorities advocate aggressive attempts at
revascularisation to salvage limbs that would otherwise be amputated, reserving
primary amputation for only a very small minority of patients (Bergan et al. 1982,
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Burnham et al 1978, Maini and Mannick 1978, Perdue et al. 1980, Reichle and Tyson
1975, Veith et al. 1981a). However, others advocate wider use of primary below-knee
amputation to avoid secondary procedures, an increased risk of surgical complications
and a more proximal final amputation level for those in whom reconstruction is
unsuccessful (Stoney 1978, Yeager et al. 1982).
3.4. Rehabilitation
As discussed previously, surgery for critical ischaemia, whether arterial reconstructive
surgery or major amputation, has little effect on long-term survival. Therefore the main
aim of such procedures must be to alleviate symptoms, improve well-being and
maximise function (Jamieson and Ruckley 1983).
Rehabilitation programmes are aimed primarily at enabling amputees to perform the
basic activities of daily living. One of the main functions of such programmes is to
achieve acceptable levels of mobility. Where possible, this should be achieved by
helping amputees to become ambulant using a prosthesis. The earliest verifiable
account of prosthetic use relates to Hegistratus of Elis, a seer who was condemned to
death by the Spartans in 424BC (Campbell and Thornberry 1988). Tethered by his leg
to await execution he escaped by amputating his own foot. When he was later captured
(and put to death) it was noted that he was wearing a wooden foot. Prostheses have
improved considerably since then with the development of lighter and more flexible
materials, prosthetic joints and improved cosmesis.
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3.4.1. Factors affecting rehabilitation
A number of factors influence the success of rehabilitation. Two of the most important
are whether the amputation is unilateral or bilateral, and the level at which amputation
is performed. The likelihood of successful rehabilitation is significantly reduced if
bilateral amputations are performed. Preservation of the knee joint greatly decreases
energy expenditure and improves mobility (Waters et al. 1976). Unilateral below-knee
amputees walking with a prosthesis expend 10%-40% more energy than normal, and
bilateral below-knee amputees exert 41% more energy (Corcoran et al. 1971, Erdman
et al. 1960, Gonzalez et al. 1974, Traugh et al. 1975, Waters et al. 1976). For above-
knee amputees, the corresponding figures are 65% and 75%-110% respectively.
Hoffman et al. (1997) demonstrated that, although bilateral above-knee amputees walk
21 % more slowly than normal, this is insufficient to offset their 49% higher metabolic
demands.
Mobility rates following below-knee amputation are more than twice those following
above-knee amputation (Houghton et al. 1992). Up to 80% of elderly patients regain
independent bipedal gait after unilateral below-knee amputation (Samson et al. 1982).
However, when the knee is sacrificed only 40% are able to walk unaided, and the
rehabilitation time is doubled (Samson et al. 1982). In addition to impairing walking,
loss of the knee affects basic activities of daily living, such as turning in bed and
transferring from bed to a chair. These poor outcomes are disputed by some authors
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who claim a success rate of over 70% in mobilising elderly bilateral amputees
(McCollough et al. 1972, Thornhill et al. 1986).
In a study by Knight and Urquhart (1989), four-fifths of unilateral below-knee
amputees were able to walk indoors, compared with two-thirds of above-knee
amputees and only one-fifth of double amputees. Only one-tenth of unilateral below-
knee amputees required assistance with stairs, compared to one-quarter of above-knee
amputees. More than three-fifths of below-knee amputees usually walked outdoors
compared to only two-fifths of above-knee amputees.
The benefits of below-knee amputation in terms of improved mobility have to be
weighed against the reduced healing rates compared with above-knee amputation
(Baddeley and Fulford 1965, Silbert and Haimovici 1954, Warren and Kihn 1968). In
patients in whom ambulation is potentially achievable, amputation should be
performed at the most distal level at which healing and good function can be
reasonably anticipated. In older patients who already have poor mobility, primary
above-knee amputation is often advocated to ensure healing in a patient in whom
ambulation is considered an unrealistic goal (Houghton et al. 1992). However, some
authors oppose such decision-making. Previous mobility is not necessarily a predictor
of the ability to walk with a prosthesis, amputation healing is unrelated to age, and
older patients are less well able to mobilise following an above-knee amputation than
younger amputees (Gregg 1985, Kihn et al. 1972, Knight and Urquhart 1989, Veith et
al. 1981a). Stoney (1978) argued that the case for below-knee amputation was, in fact,
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strongest in older patients with poor mobility, since they were the people most at risk of
further procedures and loss of independence.
Collin et al. (1992) reported that age was not an indicator of successful prosthetic
training, but they studied a highly selected group of patients who had already been
referred for prosthetic fitting. Mobility using a prosthesis is adversely affected by a
number of factors, including degenerative joint disease, particularly if present on the
amputation side, decreased vision due to diabetic retinopathy or cataracts, dementia,
reactive depression and concomitant ischaemic heart disease (Stern 1988). All of these
conditions are more prevalent in older patients. Also, women are more likely to require
assistance with walking than men (Cameron et al. 1964, Knight and Urquhart 1989).
Mobility is more likely to be preserved if a higher grade surgeon performs the
amputation (White et al. 1997).
A below-knee:above-knee amputation ratio of 2.5:1 has been suggested as the
mimimum acceptable figure within units offering an amputation service (Dormandy
and Thomas 1988). However, in many reported series, the ratio remains well below
2.5:1 (Dormandy and Thomas 1988) and, within the United Kingdom as a whole,
approximately equal numbers of above- and below-knee amputations are performed
(DHSS 1986).
Although individual series have reported improvements in knee-salvage rates (Berardi
and Keonin 1978, Jamieson and Ruckley 1983), there has been little improvement
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overall in the last twenty years. It has been suggested that this may be due, in part, to
the increasing numbers of arterial reconstruction operations performed over this period.
Arterial reconstruction may be more effective at avoiding below- than above-knee
amputations (Gregg 1985, Kazmers et al. 1980, Szilagyi et al. 1979). Also, as discussed
in section 3.3.4.2, prior arterial reconstruction may jeopardise the healing of subsequent
amputations, thereby leading to an increase in the number of above the knee
amputations ultimately performed.
3.4.2. Mobility and activities of daily living
Mobility following major amputation is poor. Between 30% and 85% of below-knee
amputees and ll%-36% of above-knee amputees achieve full mobility by the end of
their rehabilitation programme (Dormandy and Thomas 1988). Furthermore, the level
of mobility may decline after completion of the rehabilitation programme. Although
some studies have claimed much higher success rates, with only 5% of patients
dependent on wheelchairs (Houghton et al. 1989, Narang et al. 1984), these studies
included only amputees who were referred to "disablement services centres" (DSCs)
and did not exclude non-vascular amputees. Although non-vascular amputees represent
only about 7% of all amputees (DHSS 1989), they represent more than 50% of
amputees who survive and attend DSCs (Houghton et al. 1989).
Less than half of vascular amputees are able to walk outdoors without assistance (Finch
et al. 1980, Knight and Urquhart 1989, Pell et al. 1993). Most amputees leave the house
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less frequently than they were able to 4-5 months prior to surgery (Knight and Urquhart
1989). The proportion of below-knee amputees able to regain full mobility has
increased over the years (Dormandy and Thomas 1988). This has been attributed, in
part, to the introduction of early mobilisation programmes and an integrated "team
approach" (Dormandy and Thomas 1988, Ham et al. 1985, Malone et al. 1981). The
development of a multidisciplinary team with a special interest in amputation has been
shown to be of benefit in terms of early mobility, length of hospital stay and cost
effectiveness (Aristides 1989, Ham et al. 1985, Malone et al. 1979, Malone et al. 1981).
As mentioned in section 3.3.1., some studies have reported improved mobility and
reduced lengths of rehabilitation following the use of IPOPs (Malone et al. 1981,
Moore et al. 1972). However, other studies have failed to corroborate this benefit
(Cohen et al. 1974).
Rehabilitation is a lengthy process. It may take up to nine months to achieve maximum
mobility (Dormandy and Thomas 1988). Further improvements thereafter are unlikely
(Thompson and Haran 1983). More importantly, mobility and independence levels may
decline following discharge from rehabilitation programmes (Collin et al. 1992,
Froggatt and Mawby 1981, Houghton et al. 1992, Kald et al. 1989, Otteman and
Stahlgren 1965). Patients often discontinue use of their prostheses, or may use them
only when attending the limb fitting centre. Kihn et al. (1972) found that 30% of
amputees who initially attained mobility were no longer using prostheses at two years
follow-up. Similarly, Stephen et al. (1987) reported that 90% of amputees were fitted
with a prosthesis and returned to the community. However, one year later, only 73%
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were independently mobile indoors, and only 50% were totally independent in the
activities of daily living. In a Scottish review, 13% of amputees fitted with a prosthesis
wore it on less than four days a week or never wore it (Knight and Urquhart 1989). At
six years follow-up, more than one-quarter of amputees have discontinued use of their
prostheses and converted to a wheelchair (Collin et al. 1992, Weaver and Marshall
1973). The failure to maintain mobility is not simply due to cessation of the
rehabilitation programme. Progression of the underlying disease, secondary operations,
and occurrence of cardiovascular and cerebrovascular events all play a role. Disease
progression is more important in predicting continued use of prostheses than
amputation level (Finch et al. 1980).
The proportion of amputees who continue to use a prosthesis varies with the level of
amputation. In the study by Knight and Urquhart (1989), 87% of unilateral below-knee
amputees continued to wear their prosthesis for at least half the day each day, compared
with 70% of unilateral above-knee amputees, and 59% of bilateral amputees. This is
likely to reflect both the greater difficulty of walking with proximal and bilateral
amputations, and the fact that these patients tend to have the more severe and
widespread disease.
Compared with amputation, there is relatively sparse information on mobility
following arterial reconstruction. It is often mistakenly assumed that mobility is
achieved post-operatively by all those undergoing arterial reconstruction (Dormandy
and Thomas 1988). In a study by Gupta and Veith (1988), one year following arterial
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reconstruction, only 79% of the 289 patients had salvaged limbs and full function. This
was not significantly different from the 71% of amputees who were able to be
successfully rehabilitated. By three years follow-up, only 60% of those undergoing
reconstruction had maintained full function. However, most studies have demonstrated
better rehabilitation following reconstruction than amputation. In a study by
Holdsworth et al. (1993), 72% of patients undergoing arterial reconstruction for critical
ischaemia were able to be discharged home, and only 7% were discharged to a nursing
home. The corresponding figures for amputation were 60% and 15% respectively.
Patients may remain mobile following reconstruction even if graft occlusion occurs or
rest pain recurs (Bartlett et al. 1987).
Smith et al. (1993) compared 48 amputees with 116 patients undergoing arterial
reconstruction for critical limb ischaemia. Three years after the intial operation, 57% of
amputees could walk unaided or with a stick or frame, compared to 95% of those who
had undergone reconstruction. Thirty eight percent of amputees could bathe
themselves, 48% could cook for themselves and 24% could clean the house. The
corresponding figures for arterial reconstruction were significantly higher at 79%, 77%
and 60% respectively. Significantly more patients return home following arterial
reconstructive surgery than major amputation (Humphreys et al. 1995).
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3.5. Quality of life
Peripheral arterial disease has a deleterious effect on all aspects of quality of life:
physical mobility, energy, pain and sleep (Hunt et al. 1982). More than half of
claudicants are required to curtail their hobbies and interests, and one-third encounter
problems with their social lives, holidays, sex lives and household chores (Hunt et al.
1982). Quality of life falls still further as the severity of disease increases (Crosby et al.
1993, Pell et al. 1994a), and attending physicians are poor at judging the impact of the
disease on their patients' quality of life and tailoring their management accordingly
(Pell 1995).
Arterial reconstruction can improve the quality of life of both claudicants and those
with severe ischaemia (Albers et al 1992, Pell and Lee 1997). However, major
amputation can produce deleterious effects (Froggatt and Mawby 1981, Parkes 1975,
Pell et al. 1993, Thompson and Haran 1983). Relatively few studies have compared
quality of life in amputees with those undergoing arterial reconstruction. Smith et al.
(1993) compared 48 amputees with 116 patients undergoing arterial reconstruction for
critical limb ischaemia. Sixty nine percent of those undergoing arterial reconstmction
reported a subjective improvement in their quality of life, compared to only 19% of
amputees (p<0.001). In a study by Weiss et al. (1990), 29% of patients felt that their
subjective health status improved following amputation as a result of pain relief.
However, one-quarter thought it became worse.
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Sixty seven percent of amputees rate their health as poor or only fair, compared to 39%
of the general population (Stockford 1985). Ratings are lowest for elderly, dependent
patients with proximal amputations. On the Affect Balance Scale amputees attain
significantly lower scores than elderly members of the general population (Moriwaki
1974, Weiss et al. 1990). On some single quality of life measures amputees attain
scores comparable to those of cancer patients (Gough et al. 1983). Amputation is often
associated with adverse psychological sequelae, causing feelings of helplessness and
pessimism, emotional disturbance, autonomic reaction and social withdrawal (Froggatt
and Mawby 1981, Parkes 1975, Stem 1988, Thompson and Flaran 1983). These
feelings can be as severe as those following bereavement and can persist longer (Parkes
1975). However, compared to non-vascular amputees, patients with chronic critical
ischaemia have more time to adjust pre-operatively and are therefore less subject to
acute post-operative depression (Parkes 1976).
In comparison to the general population, vascular amputees have significant
impairment of all aspects of their quality of life (Pell et al. 1993). As well as having
reduced mobility and greater pain, they are also more socially isolated and lethargic,
and have greater sleep and emotional disturbance. Although no more likely to live
alone, amputees feel more isolated. Between one-quarter and one-half of vascular
amputees are unable to leave home even with assistance (Finch et al. 1980, Pell et al
1993), and amputees report significantly more problems with hobbies, holidays and
their social lives. Despite faring badly in all aspects of their quality of life, mobility is
the only independent predictor of amputees' overall quality of life (Pell et al. 1993).
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Therefore it is plausible that much of the social isolation and psychological disturbance
felt by amputees is secondary to their restricted mobility (Froggatt and Mawby 1981,
Pell et al. 1993). This highlights the need for intensive rehabilitation and social support
in this group. In those amputees who cannot regain ambulation, wheelchair
rehabilitation provides an alternative means of enhancing their ability to perform the
activities of daily living and therefore integrate them back into society (Davis et al.
1967, Katrak and Baggott 1980, Pell et al. 1993, Steinberg et al. 1985, Weiss et al.
1990).
One result of the social isolation felt by amputees is that they are inhibited in declaring
their needs (Thompson and Haran 1983). Even where the needs of amputees do not
differ from other groups, they feel less able to seek help. In particular amputees suffer
considerable financial burden but lack knowledge of possible sources of advice and
assistance (Thompson and Haran 1983).
Amputation has significant implications for employment (Stephen et al. 1987,
Thompson and Haran 1983). In a study by Stephen et al. (1987), only 17% of amputees
who had previously been employed were able to return to work. Being forced to remain




Gupta and Veith (1988) reviewed 313 patients treated for chronic critical lower limb
ischaemia over a three year period. Tweny four underwent major amputation and 289
arterial reconstruction. Those undergoing major amputation had arterial reconstruction
precluded on the basis of their angiogram findings or degree of gangrene. The authors
excluded patients for whom amputation was elected because of advanced age or
organic mental syndrome. Thirteen amputations which followed failed attempts at
reconstruction were included. Apart from angiogram findings and tissue loss, the two
treatment groups were otherwise comparable, with no differences in age, sex and other
risk factors. Costs were calculated over three years of follow-up. In addition to the
initial treatments costs, the authors calculated the costs of hotel services, rehabilitation
and rehospitalisation for complications.
Amputation resulted in an average length of stay of 60 days, compared to only 50 days
for reconstruction (p<0.05). The overall costs for major amputation and reconstruction
were $27,225 and $26,194 respectively. These were not significantly different.
However, there was considerable variation within these broad groups. Femoropopliteal
reconstruction required an average of only 43 days admission and cost $23,026,
whereas infrapopliteal reconstruction required 58 days and cost $30,380. Amputation
for necrosis required longer periods of hospitalisation and was often preceded by minor
procedures and non-surgical treatment. Therefore it cost almost twice as much as
amputation for rest pain alone: $32,653 compared to $19,189. Amputation costs were
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much higher for patients over 70 years of age. Postoperative wound infections and the
presence of diabetes had no significant effect on cost. Overall costs were highest in
those patients undergoing arterial reconstruction who subsequently required
amputation. Rehabilitation was unsuccessful in 27% of these patients, and they cost an
average of $42,107.
The authors concluded that amputations require longer admissions but incur similar
overall costs. The additional costs incurred by an extended stay in hospital for
rehabilitation was offset by reconstruction patients requiring angiography, lengthy
operations and intensive care treatment. The highest cost procedures were infrapopliteal
reconstructions which were prone to both early and late failure necessitating secondary
procedures, including amputation. Similar results were obtained by Mackey et al.
(1986) who reported no difference in the overall costs incurred by arterial
reconstruction ($40,769) and primary amputation ($40,563), despite lengths of stay of
85 and 67 days respectively. Panayiotopoulos et al. (1997) calculated the cost of a
successful femorocrural or femoropopliteal bypass for critical ischaemia to be £4,320,
compared to £17,066 for a failed revascularisation attempt necessitating major
amputation, and £12,730 for a primary amputation.
The main shortcoming of these economic analyses was the failure to include the costs
of continued support for those patients requiring institutional care or care in the
community. These costs are more likely to be incurred by amputees and, since they are
likely to continue for a number of years, may represent a significant financial burden.
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The costs of social support were included in a subsequent economic analysis by Davies
et al. (1989), in which they reviewed 337 patients undergoing arterial reconstruction or
major amputation over a four year period in a London hospital. There was a minimum
follow-up period of one-year during which data were collected on the indications for
surgery, graft success, level of mobility, level of independence, reoperation,
complications, inpatient resource utilisation, rehabilitation, social support and survival.
The average ages of patients undergoing reconstruction and amputation were 60 years
and 63 years respectively. One-quarter of amputees were diabetic, compared to only
12% of those undergoing reconstruction. The average length of operation was one hour
for amputation, three hours for proximal reconstruction, and four hours for distal
reconstruction. Graft patency rates differed considerably between distal and proximal
reconstructions. Early failure rates were 72% and 43% respectively. Two-thirds of
grafts required revision. Although patency rates differed between distal and proximal
reconstructions, the revision rates were comparable. Overall failure rates following
revision, were 54% for distal reconstructions and 19% for proximal reconstructions.
Amputation was required following 31% of failed distal reconstructions, but only 23%
of failed proximal reconstructions. The average inpatient length of stay was 16 days for
proximal reconstruction, 21 days for distal reconstruction and 42 days for amputation.
Twenty four percent of amputees were discharged to a rehabilitation ward where they
remained for an average of 130 days.
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All amputees received occupational therapy and home aids equipment, and 83% were
supplied with a prosthesis. Only 5% of those undergoing reconstruction required social
services support, compared to nearly half the amputees. Full mobility and
independence was achieved following 65% of proximal reconstructions, 79% of distal
reconstructions, 9% of below-knee amputations and 5% of above-knee amputations.
Limited mobility or confinement to a wheelchair occurred following a further 0%, 4%,
27% and 33% respectively.
The average cost of a proximal reconstruction was £2,830 for the intial procedure plus
£3,540 per revision if required. For distal reconstructions the corresponding figures
were £3,450 and £4,630 respectively. Amputations cost an average of £7,430 for the
intial procedure. Long-term support required a further £81-£1,195 depending on
mobility levels.
Taking account of secondary procedure rates and long-term costs, the average costs
were £6,590 for proximal reconstruction, £11,000 for distal reconstruction and between
£10,400 and £10,850 for major amputation. Using the Rosser Kind distress-disability
matrix, the authors calculated quality-adjusted life-years (QALYs) gained for the three
procedures of 2.96, 2.92 and 2.82 respectively.
Overall, arterial reconstructions cost £2,730 less than major amputations. Flowever, this
could largely be attributed to proximal reconstructions which cost on average £3,810-
£4,260 less than amputations, in addition to producing a net gain of 0.14 QALY per
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patient. Distal reconstructions were associated with a similar QALY gain, but at a small
net cost of £150-£600 compared to amputation.
On sensitivity analysis, it was found that graft patency rates were an important
determinant of expected costs and outcomes following reconstruction, particularly in
the case of distal reconstruction. However, the benefit shown for proximal
reconstructions was robust on sensitivity analysis.
As with Davies et al. (1989), Humphreys et al. (1995) calculated that the lower in-
hospital costs of major amputation were more than offset by the community costs
incurred following discharge. The authors calculated operative costs of £10,222 for
arterial reconstruction and £6,475 for major amputation, and total costs of £13,546 and
£33,095 respectively. The higher absolute costs derived by Humphrey et al. (1995), in
part, reflect the effect of inflation during the six year interval between the two studies
and, in part, reflect the fact that this study was restricted to an older cohort of amputees
in whom longer lengths of stay and greater need for medical and social support are to
be expected.
Critical limb ischaemia is an expensive condition to treat, regardless of the operation
undertaken. In addition to the financial cost to the health service, there are social and
health costs to the patient in the form of loss of mobility and independence,
psychological morbidity and reduced life expectancy. Costs could also have to be met
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by lay carers who may have to sacrifice their own work and leisure time to provide
practical assistance and psychological support.
3.7. Conclusions
Most of the available evidence on the effectiveness of major amputation and arterial
reconstructive surgery for chronic critical lower limb ischaemia is restricted to
observational studies and case-series. Interpretation of these studies is limited by
selection and publication bias, and a lack of standardised definitions.
Perioperative mortality following arterial reconstructive surgery is between 2% and 6%
for both primary and secondary operations (Ascer et al. 1987, Dormandy and Thomas
1988, Whittemore et al. 1981). Most series report a slightly higher perioperative
mortality, of between 3% and 10%, following below-knee amputation. Gregg (1985)
attributed the higher mortality to patient selection and demonstrated comparable figures
following adjustment for age. Also, mortality rates as low as l%-3% have been
reported by some specialist centres (Bunt et al. 1984, Dormandy and Thomas 1988).
Above-knee amputation is associated with much higher perioperative mortalty, with
some centres reporting rates in excess 20% (Dormandy and Thomas 1988). Between
50% and 75% of patients undergoing major amputation or arterial reconstructive
surgery for chronic critical lower limb ischaemia die within five years (Dormandy and
Thomas 1988). In a Swedish study of 167 patients with rest pain who did not undergo
surgery, 50% of non-diabetics and 60% of diabetics died over five-years (Hughson et
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al. 1978). Therefore survival is unaffected by both major amputation and
reconstruction. This reflects the inability of lower limb surgery to influence either the
local progression of disease or events due to atherosclerosis at other sites. Long-term
mortality rates are highest in older patients and those with coexisting coronary and
cerebrovascular disease. They are also higher following above-knee amputation and
distal reconstruction because the patients selected to undergo such procedures tend to
have more widespread disease.
Primary healing occurs in 70% of below-knee stumps, and a further 13%-22% undergo
delayed healing (Dormandy and Thomas 1988). Delayed or non-healing can occur
because of wound infection, oedema and dehisence. Such stump complications are
more likely to occur in the presence of preoperative infection (Berardi and Keonin
1978, Tripses and Pollak 1981, Weiss et al. 1990). The effect of age, diabetes and
gangrene, and the use of immediate postoperative prostheses is disputed. Healing rates
are higher with above- than below-knee amputation. However, the benefits of improved
healing associated with above-knee amputation must be weighed against the increased
likelihood of successful rehabiliation following below-knee amputation. (Houghton et
al. 1992, Samson et al. 1982). Between 30% and 85% of below-knee amputees regain
their mobility, compared to only ll%-36% of above-knee amputees (Dormandy and
Thomas 1988). A BKA:AKA ratio of 2.5:1 has been recommended as an appropriate
target (Dormandy and Thomas 1988). However, this ratio remains nearer 1:1 in the
United Kingdom. Other factors which adversely affect rehabilitation include bilateral
amputation and the coexistence of degenerative joint disease, cerebrovascular disease,
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poor visual acuity or dementia. In some patients, the level of mobility achieved
following a rehabilitation programme may decline thereafter due to disease
progression, secondary operations or cardio- or cerebrovascular events (Kihn et al.
1972).
Compared to amputees, patients undergoing arterial reconstructive surgery are more
likely to be discharged home (Holdsworth et al. 1993). However, the limited data
comparing long-term levels of mobility are conflicting, with some studies supporting
the common assumption that mobility levels are superior following arterial
reconstruction (Smith et al. 1993), while others suggest comparable results at one year
(Gupta and Veith 1988).
Peripheral arterial disease has an adverse effect on all aspects of quality of life, which
increases with disease severity (Crosby et al. 1993, Hunt et al. 1982, Pell 1995).
Arterial reconstructive surgery is associated with improvements in quality of life
(Albers et al. 1992). However, amputation has been demonstrated to either produce
lesser improvements (Smith et al. 1993), or to have an adverse effect (Weiss et al.
1990). Following major amputation, some aspects of quality of life can be as poor as in
cancer patients (Gough et al. 1983). Also amputees can feel socially isolated (Pell et al.
1993) and unable to seek help (Thompson and Haran 1983).
Since neither amputation nor arterial reconstruction prevent progression of the
underlying disease, sequential procedures are common. Thirty percent of below-knee
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amputations are followed by ipsilateral reamputation at a higher level, and 50% by
contralateral amputation (Dormandy and Thomas 1988, Ecker and Jacobs 1970, Kihn
et al. 1972). Ipsilateral reamputation most usually occurs as a result of non-healing of a
more distal stump. Less blood flow is required to maintain the viability of tissues once
healing has occurred. Therefore once healing has occurred, secondary amputations are
more commonly contralateral.
From clinical follow-up studies and comparisons with historical controls, use of arterial
reconstructive surgery appears to save between one- and two-thirds of critically
ischaemic limbs. Failure to save limbs may result from graft failure or disease
progression. Graft failure can occur because of inappropriate patient selection, technical
errors, graft stenosis or thrombus propogation (Whittemore et al. 1981). Graft failure
rates vary with the conduit material, length and location. Failure rates are higher for
prosthetic conduits than autologous vein grafts (Hobson et al. 1985, Yeager et al.
1982), particularly in distal grafts with "poor outflow." However, graft failure is not
necessarily associated with limb loss, since limb-salvage rates are up to 18% higher
than graft patency rates (Maini and Mannick 1978, Perdue et al. 1980). Graft failure
rates are higher for distal grafts. However, the difference between graft-patency and
limb-salvage rates is also higher (Dardik et al. 1982, Perdue et al. 1980). Reoperations
involving grafts to new sites have comparable limb-salvage rates to primary procedures
(Whitemore et al. 1981). However, patency rates are low for salvage procedures on
distal grafts (Ascer et al. 1987).
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Most authors agree that prior attempts at arterial reconstruction can have an adverse
effect on stump healing through a direct effect on blood flow due to disruption of
collateral vessels and propogation of thrombus, or through indirect effects via post-
revascularisation oedema, wound infection or skin necrosis (Dormandy 1991, Evans et
al. 1990, Schlenker and Wolkoff 1975). However, there is a lack of agreement on
whether lower healing rates result in a higher proportion of above-knee amputations.
Opinions also diverge on the effect of graft location. Some authorities have suggested
that distal grafts are followed by poorer stump healing because patients have more
widespread disease (Samson et al. 1982, Veith et al. 1981a), whilst others claim
improved healing rates because the incisision site is contained in the amputated
segment (Dardik et al. 1982).
In terms of hospital costs, major amputations are comparable to arterial reconstructive
surgery, with the cost of longer lengths of stay associated with amputation being offset
by the higher angiography, operating theatre and intensive care costs of arterial
reconstruction (Gupta and Veith 1988). Costs are higher in older patients and those
with gangrene. If the costs of secondary procedures and long-term care are included,
major amputation and distal reconstruction incur comparable costs, while proximal
reconstruction is cheaper and is associated with a gain in QALYs (Davies et al. 1989).
Assuming an average total cost of £10,000 per amputation (Cheshire et al. 1992,
Davies et al. 1989) and £9,000 per arterial reconstruction, the annual cost of surgery




Clinical audit and guidelines
"the most important ofmy discoveries have been suggested to me by myfailures "
(Sir Humphrey Davy, Strauss 1968)
The need to cater for escalating demands within limited resources has resulted in an
increasing emphasis on clinical effectiveness. Attempts must be made to maximise
quality of care and health gain whilst minimising cost. The tools available to assist this
process include clinical and health services research, clinical audit, benchmarking and
clinical guidelines. Research provides new knowledge of the potential benefits of
interventions. Individual clinicians could not be expected to be fully conversant with
the rapidly expanding literature. Therefore guidelines utilise both published research
and group experience to produce a concise and consistent interpretation of the available
evidence and practical guidance for clinicians. Clinicial audit assesses the extent to
which research findings are converted into practice and to which published guidelines
are adhered. These methodologies must therefore be viewed as complementary.
4.1. Clinical audit
Clinical audit has been defined as the "systematic peer evaluation of the quality of
patient care, based on explicit and measurable indicators of quality, for the purpose of
demonstrating and improving the quality of patient care" (Dixon 1991). Fowkes (1982)
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described the audit cycle in which observing practice and comparing it with agreed
standards of care should be followed by the implementation of changes and then further
examination ofpractice.
The success of audit is dependent on the selection of an appropriate topic, early
involvement of key stakeholders and adoption of realistic expectations. An audit is
appropriate if:
• the topic is clinically important because the intervention under scrutiny has
the potential to achieve substantial health gain in a condition which is
common or associated with a high level ofmorbidity or mortality,
• the topic is financially important because the procedure has a high cost or
volume,
• deficiencies are likely to be found as suggested by variations in practice or
anecdotal evidence,
• agreement is able to be reached on audit standards which are clinically
relevant, clearly defined and realistically attainable,
• clinical practice is amenable to measurement and change,
• there is wide acceptance of the suitability and feasibility of the audit, and
• the cost of the audit itself is justified by the savings likely to be made by
changes in practice.
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Williamson (1978) summarised these factors into "achievable health benefit not
achieved." Seedhouse (1990) suggested the use of four parameters to rank projects:
clinical concern, cost, group support and feasibility.
Traditionally, audits were aimed at either the structure, process or outcome of
healthcare. More recently attention has also been directed at assessments of patient
satisfaction. Measuring outcomes has intuitive appeal since good outcomes should
reflect high quality care and poor outcomes should reflect deficiencies in care, missed
opportunities and wasted resources. Therefore audits of outcomes are often considered
to be superior to those of process (Lawrence et al. 1994). However, a number of factors
suggest that, in some instances, process indicators may be a more appropriate measure
(Davies and Crombie 1995, Hicks 1994).
Selection of outcomes
The outcomes used are often those which are readily available, such as death, rather
than those which are most appropriate (Wilson and Cleary 1995). In practice, many
interventions are undertaken to improve disease status, quality of life or functional
state. However, these may be difficult to measure. Also, the time interval between
some interventions and their desired outcome may be too long to provide data within a
useful time-scale. This is particularly pertinent for health educational interventions.
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Statistical power
Some outcomes may be too infrequent to provide meaningful comparisons of centres or
clinicians. Large variations in the use ofproven therapies may result in relatively small
differences in outcomes such as death. Mant and Hicks (1995) compared the relative
sensitivities of process and outcome measures in relation to the management of acute
myocardial infarction. They used the results of large randomised controlled trials and
meta-analyses to determine the impact of interventions of proven efficacy on mortality
in two hypothetical district general hospitals. Hospital-specific mortality was
demonstrated to be a relatively insensitive measure. To demonstrate as statistically
significant, differences of the magnitudes demonstrated in the large randomised trials
would require collection of death data over 73 years. By contrast, process data would
only need to be collected over a period of four months.
Case-mix adjustment
Crude outcomes are only of use in comparing identical groups of patients, such as
occur within randomised trials. In clinical practice the patients treated by different
hospitals are unlikely to be identical and case-mix adjustment becomes imperative.
However, many attempts to adjust for case-mix are restricted to those parameters
readily available such as age and sex which may be insufficient to allow correct
interpretation of results. Complex risk scores which permit better adjustment for case-
mix have been devised (Copeland GP et al. 1991, Hannan et al. 1990, Parsonnet et al.
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1989, Peduzzi et al. 1982) but require the collection of large amounts of data which
may not be feasible in routine practice. Furthermore, their use may provide false
reassurance of the extent to which case-mix has been taken into account, since rankings
change as increasingly detailed information is included (Green et al. 1990, Orchard
1994, Rockall et al. 1995).
Interpretation of outcomes
Variations in outcomes can be due to both under-usage and over-usage. Identification
of the desirable figure may be difficult. Even if a deficiency can be easily identified the
method of rectifying it may be less clear. For example, death following myocardial
infarction is reduced by many factors including administration of aspirin, beta blockers
and thrombolysis (Antiplatelet Trialists' Collaboration 1994, Fibrinolytic Therapy
Trialists' Collaborative Group 1994, ISIS-1 1986). Therefore if a hospital has an
unacceptably high case-fatality rate it may be unclear which of these factors needs to be
addressed without undertaking a further audit of the process of care. By contrast, an
initial audit of these process measures would provide both an overall assessment of
quality of care and specific pointers as to those aspects of management which require
attention. Audit of outcomes is therefore best restricted to outcomes with can be
attributed to a single intervention.
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4.2. Benchmarking
Benchmarking uses routinely collected data to compare individual units or doctors,
resulting in what are commonly termed "league tables". Within Scotland, the Clinical
Resource and Audit Group (CRAG) has published a number of outcome indicators
based on routine discharge data, including thirty-day mortality following acute
myocardial infarction. However, simple publication of outcomes in the USA has been
shown to be of little merit in changing practice. In both Pennsylvania and New York
case-mix adjusted case-fatality rates following coronary artery bypass grafting are
published by individual surgeon. However, nearly nine out of ten cardiologists report
no or negligible effect on their referral decisions and very few discussed the published
outcomes with their patients (Schneider and Epstein 1996). Although the outcomes in
New York and Pennsylvania improved following publication, comparable
improvements were demonstrated in states in which outcomes were not published
(Ghali et al. 1997, Hannan et al. 1994). Fears about data manipulation were vindicated
by dramatic increases in the reported prevalence of comorbid conditions used in the
weighting of outcomes. The reported prevalence of chronic obstructive pulmonary
disease, congestive cardiac failure and renal failure increased three-, four- and seven¬
fold over two years (Green and Wintfeld 1995). Where changes in practice were
confirmed these were generally undesirable. Cardiologists reported difficulties in
finding surgeons who were prepared to operate on complex cases and surgeons
acknowledged this (Schneider and Epstein 1996). A further problem with published
"league tables" is the interpretation of rankings since changes in rankings due to
106
changes in clinical practice cannot be distinguished from those simply due to regression
to the mean.
4.3. Clinical guidelines
Clinical guidelines are "systematically developed statements to assist practitioner and
patient decisions about appropriate health care for specific clinical circumstances"
(Field and Lohr 1990, Nuffield Institute for Health et al. 1994). There has been an
increasing interest in the development of clinical guidelines among managers,
clinicians, politicians and medical educators (Conroy and Shannon 1995, Jenkins 1991,
Lomas et al. 1989, NHS Management Executive 1993, NHS Executive 1994, Selker
1993). It has been suggested that clinical guidelines should at the very least inform
commissioning and should, ideally, be the subject of clinical contracts rather than
procedure volumes and costs (NHS Management 1993, NHS Executive 1994, Sheldon
and Borowitz 1993).
Clinical guidelines have been developed for a number of reasons (Armstrong and
Haines 1992, Consumers' Association 1990, Crombie and Fleming 1988, Fearon 1992,
Fitzpatrick 1965, Haines and Hurwitz 1992, Hurwitz 1994, Launer 1988, Lomas 1993,
Royal College of Radiologists 1993, Young 1965):
• to reduce inappropriate variations in clinical practice
• to improve health outcomes, health gain and clinical effectiveness
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• to improve the overall quality of health care
• to decrease or avoid unnecessary referrals, investigations or interventions
thereby avoiding wasted resources and unnecessary risk
• to improve health service efficiency and decrease health care costs
• to promote the appropriate use ofmedical technology
• to encourage the incorporation of research findings into medical practice
• to reduce the risk of legal liability in health care delivery
• to improve patients' awareness of health care needs and
• to provide the basis for continuing medical education
A reluctance to accept or implement clinical guidelines stems from a number of
sources:
• a fear that adherence to guidelines conflicts with clinical freedom and
autonomy, thereby reducing job satisfaction and the scope for innovation
(Mittman et al. 1992, Tunis et al. 1994, Woolf 1993)
• a fear of the medico-legal consequences of non-compliance (Clark and
Kinney 1994, Grimshaw and Russell 1993a, Lomas et al. 1989)
• a belief that the effort is not justified since they will not change anything and
• a belief that they are imposed by others rather than clinically driven
If the scope for healthy innovation is to be maintained, guidelines must be constructed
in such a way as to honestly reflect areas of uncertainty. Guidelines can be developed
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by internal groups which are composed entirely of clinicians who will use them,
intermedidate groups which contain some people who will use them and external
groups which contain no-one who will use them (Grimshaw and Russell 1994).
Development of internal guidelines can lead to a greater feeling of local relevance and
ownership whereas those devised by others may be perceived as imposed (North of
England Study of Standards and Performance in General Practice 1992, Putnam and
Currey 1985). Internal guidelines require fewer resources for dissemination and
implementation (Brook 1989) but can nonetheless be expensive to develop if many
groups are working separately to develop similar guidelines. Also, they are less likely
to be perceived as scientifically valid, credible and authorative (Brook 1989, Grimshaw
and Russell 1993a, Sommers et al. 1984) because local groups tend to lack the skills,
resources and time possessed by national expert panels (Grol 1990b, Haines and Jones
1994, Hayward and Laupacis 1993, North of England Study of Standards and
Performance in General Practice 1991, Newton et al. 1992, Russell et al. 1993). In
order to solve the conflicting needs to develop guidelines which are both scientifically
valid and likely to be accepted and change practice CRAG advocated the development
of national, scientifically valid guidelines which could then be modified locally to
reflect context and resources (CRAG 1993, Grimshaw and Russell 1993b).
The guidelines produced by CRAG were based on consensus. Since 1994 the role of
producing national guidelines in Scotland has been taken over by the Scottish
Intercollegiate Guidelines Network (SIGN). SIGN was established as a joint initiative
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of the Royal Colleges to address a wide range of acute and mental health issues within
both secondary and primary care.
4.3.1. Legal status
Clinical concerns about the legal status of guidelines and potential litigation resulting
from non-compliance can be a barrier to guideline implementation. However, fears that
guidelines encourage litigation are ill-founded. In the USA, a survey of medical
malpractice actions demonstrated that guidelines played a pivotal role in only 7% of
cases (Hymans et al. 1995).
In the UK, the legal standard of medical treatment that a doctor owes to a patient was
established in the case of Bolam v Friern Hospital Management Committee (1957)
where it was pronounced that "the test is the standard of the ordinary skilled man
exercising and professing to have that special skill A doctor will not be guilty of
negligence if he has acted in accordance with a practice accepted as proper by a
responsible body ofmedical men skilled in that particular art" Therefore the standard of
care is imposed by law but set by the medical profession (Hurwitz 1994).
The standard set by the medical profession is usually ascertained from expert testimony
(Bolam v Friem Hospital 1957). Written guidelines may, nonetheless, be introduced by
an expert witness as evidence of accepted and customary standards of care. In some
cases adherence to guidelines has helped to demonstrate "acting with the benefit of
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guidance from a responsible and competent body ofprofessional opinion as required by
the Bolam test" (Airedale NHS Trust v Bland 1993, Clarke v Adams 1950). If
guidelines are submitted as evidence by a witness, the witness may be questioned on
their scope (W v Egdell 1989), their method of development and adoption (Early v
Newham Health Authority 1994, Loveday v Renton and Wellcome Foundation 1990),
the mandatory force of their recommendations (Ratty v Haringey Health Authority
1993, Wilsher v Essex Area Health Authority 1986), known exceptions to their
application (Loveday v Renton and Wellcome Foundation 1990) and the existence of
contrary views (Cranley v Medical Board of Western Australia 1992). Although
guidelines can be cited by an expert witness, they cannot be introduced as a substitute
for expert testimony because, without the possibility of challenging them, they could
only be treated as hearsay (Howard and Crane 1982, Hurwitz 1994&1995, Ratty v
Haringey Health Authority 1993).
However impressive the organisation that sponsored a guideline, or its process for
developing it, the fact that a guideline exists for a particular conditon does not mean
that what it proposes is necessarily true nor, more importantly in legal terms, that it
accurately represents customary practice. The Bolam test would require a guideline to
have achieved professional acceptance and use by a responsible body of doctors before
it could be accepted as evidence of the standard of care required in a court of law.
Compliance or lack thereof with clinical guidelines is unlikely to prove decisive in a
medical negligence action, unless the intervention concerned is so well established that
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no responsible doctor acting with ordinary skill and care would fail to comply with it
(Hunter v Hanley 1955, NIH et al. 1994).
Currently guidelines which do not reflect customary practice are likely to fail the
Bolam test. There have been several examples of British judges who did not
automatically equate established guidelines with common medical practice (Early v
Newham Health Authority 1994, Loveday v Renton and Wellcome Foundation 1990).
Similarly, in some cases, non-compliance has been accepted because it represented a
reputable minority opinion (Cranley v Medical Board of Western Australia 1992,
Hunter v Hanley 1995, Loveday v Renton and Wellcome Foundation 1990).
There have been suggestions that the Bolam test may, in the future, be challenged by
evidence-based practice (Chalmers 1993&1994). However, at present, the criterion of
professional adoption, rather than evidence-based health care, remains the basis for
negligence (Bolam v Friem Hospital Management Committee 1957, Hurwitz 1994). It
has been argued that, under the Bolam test, consensus guidelines may carry greater
legal standing than evidence-based guidelines (Field and Lohr 1990).
Remaining well-informed of published guidelines is made problematic by their rapid
proliferation. Lord Denning accepted that it would be "putting too high a burden on a
medical man to say that he has to read every article appearing in the current medical
press" (Crawford v Board of Governors of Charing Cross Hospital 1953) and suggested
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that guidelines would have to be proven, widely disseminated, generally accepted and
generally adopted to be admissable as evidence.
Just as non-compliance with guidelines does not necessarily imply medical negligence,
so adherence to them cannot be assumed to imply correct practice. In the USA,
compliance with clinical guidelines cannot generally be used as a defence against
liability if a physician's conduct is held to have been negligent, since "a physician who
complies without protest when his medical judgement dictates otherwise cannot avoid
responsibility for his patients' care" (Wickline v California 1986). However, a five-year
experimental scheme is nearing completion in Maine in the USA. This was introduced
to protect recruitment to specialties such as obstetrics where the risk of malpractice
actions is high and therefore malpractice premiums are costly (Edwards 1992).
Statewide, legally-validated guidelines were devised which could be admitted in court
as evidence of the legally required standard of care in lieu of expert witnesses. Doctors
who comply with these are shielded against liability in negligence cases (Smith 1993).
Conversely, since guidelines devised outwith Maine are not also admissable in court,
failure to comply with Maine guidelines does not constitute presumptive evidence of
negligence (Smith 1993). It has been argued that this inconsistency results in an unfair
bias in favour of the doctor (Hurwitz 1994).
In the USA, unlike the UK, third party organisations can be held liable if adherence to




The development of guidelines does not, in itself, ensure adherence to them (Lomas et
al. 1989) even if doctors are aware of what constitutes good practice (Grol 1990a).
There are two phases involved in the successful implementation of guidelines. Firstly
an "educational strategy" is required to target professionals and influence their attitudes
to, awareness of and understanding of the guidelines (Grimshaw and Russell 1994).
Thereafter, an "implementation strategy" is required to translate their knowledge into
changes in practice (Buekens et al. 1993, Cohen et al. 1985, Conroy and Shannon 1995,
Epstein 1991, Grol 1990a, Haines and Jones 1994, Mittman et al. 1992, Mugford et al.
1992, Woolf 1993, Yoong et al. 1992).
Educational strategies can be passive or active. The passive transfer of information
through postal distribution or publication can improve awareness and knowledge of
guidelines (Kosecoff et al. 1987, Lomas et al. 1991) and has occasionally been
demonstrated to change practice (Bearcroft et al. 1994, De Vos Meiring and Wells
1990, Oakeshott et al. 1994). However, this is atypical. Educational interventions
requiring more active participation from professionals include targeted seminars,
educational outreach visits by trained personnel to practice sites (Avorn et al.
1988&1992, Soumerai et al. 1993) and the use of opinion leaders (Lomas et al. 1991).
Implementation strategies may be directly targeted at the doctor-patient consultation or
take place outwith this setting. Examples of the former include the restructuring of
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medical records (Cheney and Ramsdell 1987, Cowan et al. 1992, Emslie et al. 1993),
computer-based clinical decision support systems (Johnston et al. 1994), patient-
specific reminders used during the consultation (McDonald et al. 1984, McDonald et
al. 1992), and patient-mediated interventions (McPhee et al. 1989). Such strategies can
be integrated into the process of health care delivery. Implementation strategies which
take place outwith the consultation include patient-specific feedback (Tiemey et al.
1986), aggregated feedback on compliance (Durand-Zaleski et al. 1992), financial
incentives (Brook and Williams 1976, Lohr and Brook 1980), explicit marketing
(Landgren et al. 1988) and professional peer review (Fowkes et al. 1986).
Comparisons of different strategies suggest that educational interventions requiring
active professional participation and implementation strategies which operate directly
on the doctor-patient consultation are more likely to lead to successful guidelines
implemenation (Grimshaw et al. 1993b&1994, Grimshaw and Russell 1994, Grol
1992, Lomas et al. 1991, McMillan et al. 1991, Oakeshott et al. 1994, Royal College of
Radiolgoists working party 1992, Weingarten et al. 1993). Combinations of methods
may be required (Anderson 1993).
4.4. Conclusions
Interest in the effectiveness of clinical practice has increased greatly over the past
decade. Clinical practice encompasses the structure and process of health care and its
outcomes. Outcomes are, in part, a function of structure and process. Therefore if good
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outcomes are to be achieved and adverse outcomes avoided stringent attempts are
required to ensure that the process of care achieves acceptable standards. Outcomes are
also influenced by factors such as case-mix which are only partially within the control
of clinicians. The selection ofpatients for procedures impacts on both process and case-
mix and, therefore, influences outcome. Patient selection requires both that those
patients who undergo interventions do so appropriately and that those patients who are
denied access to interventions would not have been appropriate candidates. This thesis
addresses the first of these issues. Chapter 5 compares operation rates throughout
Scotland. Although geographical variations in operation rates can be an appropriate
reflection of factors such as disease frequency, they are also often a reflection of
differences in patient selection. Chapters 6 and 7 address this issue in more detail by
deriving specific indications for both arterial reconstruction and major amputation in
patients with chronic critical lower limb ischaemia and then determining whether
clinical practice concorded with these consensus indications. This thesis does not
attempt to determine whether the minority of patients with critical ischaemia who do
not undergo any form of surgery were managed appropriately.
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CHAPTER 5
Variations in the rates of arterial reconstructive surgery and major amputation
5.1. Introduction
Variations have been demonstrated in the management of many conditions (McPherson
1990, Wilkin 1992). The existence of variations in practice raises questions regarding
the quality of clinical care, and whether resources are being used efficiently and
effectively. Some patients may be denied access to beneficial treatments, whilst others
may undergo unnecessary interventions, with their associated risks and costs.
5.2. Variations in procedure rates between countries
Clinical practice can vary considerably between countries. Admission rates for many
diseases are significantly lower in the United Kingdom than in economically
comparable countries, such as the USA and Canada (Pearson et al. 1968, Sanders et al.
1989). Similarly, many common procedures, such as tonsillectomy, adenoidectomy,
cholecystectomy and Caesarian section are performed 2-5 times more frequently in the
USA and Canada (Andersen and Kamper-Jorgensen 1984, Bunker 1970, Chalmers
1985, Notzon et al 1987, Pearson et al. 1968, Sheehan 1987, Vayda 1973, Vayda et al.
1982). Although the magnitude of the difference varies between treatment modalities,
the direction of the difference between countries is often constant. These international
variations may be due to differences in the historical and cultural settings within which
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health-care takes place, as well as differences in the availability of resources, and the
presence of financial incentives and discincentives. Clearly, the fixed budget available
for health-care spending in the United Kingdom limits the extent to which services can
expand in response to increasing demands, whereas greater financial flexibility exists
within the United States.
The method of reimbursement may also influence clinical practice, with fee for service
systems, which are more commonly employed in the USA, tending to produce higher
levels of utilisation than pre-payment systems. Health-care systems may also vary in
the balance of power within the doctor-patient relationship. The greater the shift to
patient autonomy, the greater the likelihood that intervention rates will reflect
"demand" rather than "need."
Within a supply-led environment, doctors themselves can "induce" demand (Evans
1974, Williams 1978), leading to "Roemer's law" that "a built bed is a filled bed"
(Roemer and Shain 1959). Kohn and White (1976) demonstrated that most of the 2-
fold variation in hospital utilisation rates in 12 areas in the United Kingdom could be
accounted for by variations in the availability of short-term beds. A similar argument
could be made for the availability of other resources, such as health-care workers.
Bunker (1970) equated the 2-fold higher overall operation rate in the USA compared to
England, with the 2-fold higher rate of surgeons per capita, and Vayda (1973) also
attributed the differences demonstrated between Canada and England to the relative
numbers of surgeons.
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5.3. Variations in procedure rates within countries
Comparisons of procedure rates between countries can conceal variations within the
countries which are as wide if not wider (Andersen et al. 1987 Noone et al. 1989,
Wennberg and Gittelsohn 1973, Wilkin and Smith 1986).
Some procedures are more prone to variations in usage than others. Small area
variation analysis of seven surgical procedures in areas within the USA, United
Kingdom and Norway revealed consistency between the countries in the rank order of
variability for most procedures (McPherson et al. 1982). In all countries, high levels of
variability were observed for rates of tonsillectomy, haemorrhoidectomy, hysterectomy
and prostatectomy, whereas less variation was observed for appendectomy, hernia
repair and cholecystectomy. A number of other authors have reported similar
consistencies in the relative amounts of variability, both in cross-sectional comparisons
of geographical areas and over time (Paul-Shaheen et al. 1987, Wennberg and
Gittelsohn 1973, Wennberg et al. 1984).
McPherson et al. (1982) concluded that the degree of variation was more a
characteristic of the procedure than of the country in which it was performed, and that
the level of agreement between professionals on indications for procedures had a
greater influence on the consistency of practice than resource levels. Most studies have
concentrated on surgical procedures because the data are more readily available.
However, variations in medical practice are even higher. Vayda et al. (1984) also found
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that the variations in eight common elective procedures in Canada reflected a lack of
agreement on indications for surgery rather than varying access to resources.
However, as with international variations, some of the variation within countries has
been attributed to a number of supply factors, such as the availability of doctors and
beds (Cullis et al. 1981, Logan et al. 1972, London Health Planning Consortium 1979,
Wennberg and Gittelsohn 1973). Lewis (1969) reported that 50%-60% of variations in
operation rates could be attributed to differences in the numbers of beds and surgeons
per capita, and the availability of other resources such as operating suites.
If variations in practice were simply due to chance, differences in individual decision¬
making should cancel out over an aggregated area. However, Wennberg and Gittelsohn
(1982) described the phenomenon of a "surgical signature" whereby the overall
approach of doctors within a given area is characteristically aggressive or conservative
despite some variation between individuals. Black (1978) attributed this "group clinical
judgement" to the communication which resulted from meetings, training and
movement of staff within an area. Pasley et al. (1987) also reported "surgical practice
styles" as a contributory factor. Variations in practice are apparent between teaching
and non-teaching hospitals (Andersen and Lomas 1985).
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5.4. Reasons for variations in procedure rates
Some degree of variation can occur simply by chance. This can be taken into account
by testing the statistical significance of differences or determining whether confidence
intervals overlap. Differences which are shown to be statistically significant are likely
to reflect real differences in clinical practice due to variations in need, demand or
supply.
Real variations in practice exist for a number of reasons. They can be explained, in part,
by differences in a number of measures of need. Treatment rates have been shown to be
associated with demographic factors (Cummins et al. 1981, Morrell et al. 1971,
Sanders et al. 1989, Wilkin and Smith 1987), disease prevalence, (McPherson 1990,
Wilkin 1992, Wilkin and Smith 1986), levels of socioeconomic deprivation (Bridgman
1979, Cummins et al. 1981, McCormick and Rosenbaum 1991, Morrel et al. 1971,
Roos and Roos 1982) and case-mix. (McPherson 1990, Wilkin 1992, Wilkin and Smith
1986).
However, need accounts for relatively little of the variations observed (Blumberg 1982,
Cullis et al. 1981, Joensson and Silverberg 1982, Mitchell and Cromwell 1982, Roos
1984a, Roos et al. 1977a&b, Roos and Roos 1981 & 1982, Winyard 1982).
Hospitalisation rates bear a close relation to disease incidence only for the relatively
few conditions in which diagnosis is relatively accurate and agreement on treatment is
high, such as hip fractures (Wennberg 1986). However, this applies to well under 20%
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of conditions, with the remainder demonstrating poor association between disease
incidence and admission rates (California Health Facilities Commission 1985, Iowa
Foundation 1985, Sanders et al. 1989, Wennberg et al. 1984).
There are a number of other factors which also produce variations, including
differences in the knowledge and skills of health-care workers (Forsyth and Logan
1968, Wright 1968), patients' wishes (McPherson 1990), and previous personal
experience and prevailing treatment customs (McPherson 1990).
Doctors and patients alike may vary in their perception of risk and attitude towards it,
which may result in different decisions being made in the light of similar levels of
information. Presented with the same clinical situation, equally well qualified surgeons
will offer different opinons on the need for surgery (Rutkow 1982). Several studies
have demonstrated no adverse effects on outcomes in the large number of patients who
declined planned operations following a "second opinion" (Gertman et al. 1980,
Graboys et al. 1987, McCarthy and Widmer 1974).
Intervention rates are also influenced by historical levels of intervention. In general
historical levels tend to persist. However, they can also have the reverse effect on
interventions and diseases which can only occur once. For example, in some parts of
the USA, 18% of women have a hysterectomy performed between 45 and 65 years of
age (Gittelsohn and Wennberg 1976). Because of this high intervention rate, only 4 out
of 5 women over 65 years of age are at risk of hysterectomy. Hence, areas with high
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hysterectomy rates in younger women may have paradoxically low rates in older
women. Therefore any consideration of current intervention rates must take account of
the effect ofprevious practice on the proportion of the population at-risk.
Variations also result from differences in access to services, particularly between rural
and urban areas (McCormick and Rosenbaum 1991), and from differences in the
availability of resources (Forsyth and Logan 1968, McPherson 1990, Pell and Elton
1995, Wilkin and Smith 1987). The availability of resources may have either a direct
effect, through the total lack of a service, or an indirect effect through rationing, long
waiting lists, and low levels ofmanpower and beds.
Inaccuracies or differences in data collection and coding have been reported to account
for relatively little of the observed variations (McPherson et al. 1982, Sanders et al.
1989). Within the United Kingdom problems may also be encountered with missing
data on patients treated in the private sector. Although only one in ten of the population
holds some form of private medical insurance (Office for National Statistics 1988),
there is a four-fold variation throughout the country in the proportion of elective
procedures undertaken in the private sector (Nicholl et al. 1984, OPCS 1983). Also, the
proportion of procedures undertaken privately will vary with the type of procedure.
After attempting to adjust for these factors, residual variations in practice persist. These
have been attributed to a lack of consensus on the most appropriate form of treatment.
However, this collective uncertainty may not necessarily reflect uncertainty among
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individual clinicians regarding the treatment of individual patients, since "deep and
intense disagreement on the basis of strongly held views will also yield a diversity of
behaviour" (Evans 1990). Some of the lack of consensus can be attributed to a lack of
available data on the efficacy of interventions (Cochrane 1973, Wennberg et al. 1982).
New technologies are commonly adopted into routine practice before being evaluated
thoroughly, and rapid technical and scientific advances render information obsolete
(McPherson 1982, Wennberg et al. 1980). More than 80% of medical conditions are
characterised by a lack of agreement on indications for admission and appropriate
management (Morgan et al. 1987). This applies to even the most common interventions
(Wennberg et al 1980). However, disagreement may also exist in the presence of high
quality contemporary data, due to incorrect interpretation, greater emphasis being
placed on personal experience than research findings, or problems encountered relating
collective evidence to an individual patient's experience of illness, expectations and
preferences (Sanders et al. 1989).
5.5. Consequences of variations in procedure rates
A number of authors have calculated the financial and health consequences of reducing
variations in practice. Wennberg et al. (1980) estimated that $1.1 billion could be saved
annually if UK rates for nine common surgical procedures were adopted in the USA.
They also reported a potential saving of 16,000 surgery-associated deaths. This equated
to a 5-fold reduction in surgery-associated deaths and a 0.21% reduction in total deaths.
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Conversely, if USA Caesarian section rates were adopted in England and Wales, an
additional 115,000 operations would be undertaken annually at an additional cost of
£88M (Chalmers 1985). Ham (1988) calculated that the NHS spent £176 million
annually on eight common surgical operations in 1986. If the Norwegian, Canadian and
USA rates had applied, the corresponding figures would have been £160 million, £455
million and £447 million respectively. Crombie and Fleming (1988) demonstrated 2-
fold variations in the costs of GP-initiated referrals to hospital and 12-fold variations in
hospital expenditure.
Where variations in procedure rates are demonstrated, it may nonetheless be difficult to
determine which is the correct rate (Bunker and Wennberg 1973) particularly if study
data on effectiveness are lacking. Also, some degree of variation may be acceptable if
comparable alternative therapies exist, or higher rates reflect the development and
evaluation of innovations.
Increases in hospital admissions and procedures are generally perceived to reflect
improvements in efficiency and productivity (Bevan and Ingram 1987). The risks
associated with common procedures such as cholecystectomy, prostatectomy and
appendectomy are often underestimated (Lembecke 1952, Lichtner and Pflanz 1971,
Roos 1984b, Wennberg 1987, Wennberg et al. 1987&1988), and there is evidence that
higher rates may simply result in excess morbidity and mortality (Bunker and
Wennberg 1973, Vayda et al. 1977). Compared to Canada, England and Wales have a
5-fold higher rate of cholecystectomy and a 2-fold higher rate of deaths from diseases
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of the gallbladder (Yayda 1973). Although differences in disease frequency may
account, in part, for some of this variation, some of the excess deaths may be due
directly to the increased rate of surgery (Vayda 1973). Similarly, Lichtner and Pflanz
(1971) reported appendectomy rates in the Federal Republic of Germany which were
double those in neighbouring countries, together with case-fatality rates which were
three times higher. Three-quarters of the appendices removed were normal, and the
authors attributed the excess deaths to inappropriate and unnecessary surgery. Also, no
association has been demonstrated between increased rates of Caesarian section for
shoulder dystocia, and perinatal mortality (Sheehan 1987).
Evidence has been presented that some operations "are performed with a frequency in
excess of documentable cost-benefit usefulness" (Bunker and Wennberg 1973). As
rates increase a point will inevitably be reached when the operative risk exceeds the
disease risk. However, care should be taken not to measure outcome purely in terms of
death, since many operations are performed to relieve disability or discomfort (Bunker
and Wennberg 1973).
5.6. Methods of reducing variations in procedure rates
Despite the influence of all of these factors, both demand and supply can be influenced.
Medical audit followed by feedback of results can change clinical practice. Feedback to
doctors on variations in practice has been shown to alter rates for a number of surgical
procedures including hysterectomy and tonsillectomy (Dyke et al. 1977, Gruer et al.
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1986, Lembecke 1956, Wennberg et al. 1977). However audit can only be of use if the
correct rate can be defined so that the results can be interpreted appropriately. Also,
feedback of results may be insufficient to change practice if used in isolation. A
number of mechanisms exist for facilitating change including educational programmes,
continuous monitoring, ownership of results, the use of representatives and advocates,
and the use of incentives or disincentives (Jennett 1988a&b, Mitchell and Fowkes
1985, Mugford 1987, Shaw 1980a-e).
A number of authors have advocated increased consumer participation in clinical
decision making as a means of increasing the appropriateness of patient selection for
elective procedures such as hysterectomy and prostatectomy (Anon 1977, Barry et al.
1988, Coulter et al. 1988). Domenighetti et al. (1986) demonstrated a significant
reduction in hysterectomy rates following a general media campaign which highlighted
the undesirable increasing trend in hysterectomies. Targeted education of patients with
urinary symptoms through the use of interactive videos and written material has also
been shown to influence their views on the appropriateness of prostatectomy (Hunter et
al. 1995, Shepperd et al. 1995)
5.7. Variations in procedure rates for chronic critical lower limb ischaemia
Within Scotland, variations have been demonstrated in the management of intermittent
claudication (Pell and Elton 1995). Only some of this difference can be accounted for
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by case-mix, with the remainder being attributed to varying resources and a lack of
agreement on the most appropriate management (Pell and Elton 1995).
Greater uniformity might be expected in the management of critical limb ischaemia
because relatively few patients are managed conservatively, and primary major
amputation should only be considered in those unsuitable for "limb-salvage"
procedures.
In a cross-sectional study of 16 Danish counties, Eickhoff et al. (1980) demonstrated a
2-fold varation in the age-sex standardised amputation rato and a 2.5-fold variation in
the age-sex standardised arterial reconstruction ratio. Furthermore, they demonstrated a
non-significant positive correlation (r=0.4) between the two, suggesting that areas with
high rates of arterial reconstruction tend to have higher rates of major amputation.
Converse results were reported by Michaels et al. (1994), who demonstrated that the
three Oxford districts with above average rates for arterial reconstruction had a lower
than average amputation rate than the five districts with below average rates for arterial
reconstruction. However, they did not report whether this inverse association applied to
only grouped data, or held when all eight districts were considered separately.
This thesis describes the first attempt to examine geographical variations in operation
rates for chronic critical lower limb ischaemia in Scotland, and to determine the extent
to which observed differences reflect variations in clinical practice.
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5.7.1. Methods
Discharge data on all patients in Scotland are collated by the Information and Statistics
Division (ISD) of the Scottish Office Common Services Agency through the Scottish
Morbidity Record (SMR) system. These include age and sex, disease, type of operation
and health board of treatment and residence. The type of operation is coded using the
OPCS system. 1989-1990 SMR data on all patients undergoing major lower limb
amputation or arterial reconstruction for peripheral arterial disease were analysed, to
give age-sex standardised annual operation rates for individual health boards of
residence and treatment. In order to validate the accuracy of these data, a list of patients
undergoing major amputation or arterial reconstruction in eight Scottish hospitals over
a three month period was obtained from the SMR database and compared with the data
held in the operating theatre registers and audit databases of these hospitals.
5.7.2. Results
Using the SMR database a list was produced of 3,190 major amputation or arterial
reconstruction operations which had been performed in the eight hospitals over the
three months. The hospital operating theatre registers and audit databases recorded 85%
of these procedures correctly at the four digit OPCS3 level and 90% at the three digit
level. These figures varied from 80% to 92% and 88% to 98% respectively betweeen
hospitals. Operations which appeared in the local databases but had no corresponding
SMR return were not sought.
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The number of operations performed by health boards varied considerably. By health
board of treatment, the rates of arterial reconstruction varied from 0 per million
population to 520 per million (x2 p<0.001, SD 148, variance 21897, coefficient of
variation 88%) (Figure 5.1). By health board of treatment, major amputation rates
varied from 0 per million to 151 per million (x2 p<0.001, SD 48, variance 2349,
coefficient of variation 66%) (Figure 5.2). The total rates for major amputation plus
arterial reconstruction ranged from 0 to 670 per million population (x2 p<0.001, SD
183, variance 33556, coefficient of variation 76%). Amputation rates by health board of
treatment showed a positive correlation with arterial reconstruction rates (Spearman
rank correlation r=0.8, p<0.01) (Figure 5.3). However, there was a non-significant
negative association between operation rates and the number of vascular surgeons per
capita.
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Figure 5.1. Age-sex standardised rates of arterial reconstruction for peripheral arterial
disease by health board of treatment
Arterial reconstruction rate (/105)
(95% confidence intervals)
600
Bord Ork Shet Wl Fife A&A A&C Lan High D&G Loth Gram FV Tay GG
Figure 5.2. Age-sex standardised rates ofmajor amputation for peripheral arterial
disease by health board of treatment
Major amputation rate (/106)
(95% confidence intervals)
Shet Wl A&A Ork Bord D&G A&C Loth Lan Gram GG Fife FV High Tay
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Figure 5.3. Association between rates of arterial reconstruction and major amputation
for peripheral arterial disease by health board of treatment
Arterial reconstruction rate (/106)
Major amputation rate (/106)
By health board of residence rates of arterial reconstruction varied from 121 per million
to 623 per million (y2 p<0.001, SD 123, variance 15181, coefficient of variation 50%)
(Figure 5.4). Major amputation rates ranged from 36 per million to 147 per million (y2
p<0.001, SD 37, variance 1380, coefficient of variation 47%) (Figure 5.5). There was
also a wide range in the total rates of arterial reconstruction plus major amputation by
# 2
health board of residence, from 157 to 770 per million population (y~ p<0.001, SD
149, variance 22243, coefficient of variation 45%). Analysis by health board of
residence, also demonstrated a positive correlation between major amputation rates and
arterial reconstruction rates (Spearman rank correlation r=0.6, p<0.05) (Figure 5.6).
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Figure 5.4. Age-sex standardised rates of arterial reconstruction for peripheral arterial
disease by health board of residence
Arterial reconstruction rate (/106)
(95% confidence intervals)
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Figure 5.5. Age-sex standardised rates ofmajor amputation for peripheral arterial
disease by health board of residence
Major amputation rate (/106)
(95% confidence intervals)
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Figure 5.6. Association between rates of arterial reconstruction and major amputation
for peripheral arterial disease by health board of residence
Arterial reconstruction rate (/106)
Major amputation rate (/106)
5.8. Conclusions
Wide geographical variations exist in the management of many conditions. These
variations occur both between and within countries, and are consistently greater for
some interventions than others. Although some of this variation can be accounted for
by differing levels of need, much cannot. This suggests that some patients may be
denied beneficial interventions, or that others may undergo unnecessary interventions
and therefore be exposed to unnecessary risks. It also suggests inefficient use of limited
health-care resources.
A number of factors have been demonstrated to contribute to varying procedure rates.
These include supply factors, such as the availability of doctors and beds, financial
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Erratum
Insert at the end of the second paragraph on page 135:
"However, as demonstrated by the wide and overlapping confidence intervals in figures 5.4
and 5.5., a large proportion of the variation demonstrated, particularly in major amputation
rates, is consistent with the natural Poisson variation associated with infrequent events over
the study period and, therefore, may be due simply to chance."
published by Eickhoff et al. (1980). However, care has to be taken in interpreting these
data. Use of routine discharge data does not permit discrimination between arterial
reconstructions performed for critical ischaemia and those performed for less severe
disease. Furthermore, although standardisation for age and sex permitted adjustment for
demographic differences, it is not possible to take account of differences in disease
incidence, referral patterns and case-mix. Also, caution has to be taken in drawing
conclusions about the experience of individual patients based on unlinked data
collected at the population level. Higher total rates of procedures can result from more
patients undergoing one operation or the same number of patients undergoing a greater
number of procedures because of reoperations to the same leg or subsequent procedures
to the other leg. Geographical variations in disease incidence may exist, but they are
unlikely to be of sufficient magnitude to offer a complete explanation.
The range in rates of arterial reconstruction was exaggerated by very high rates in one
health board area, Tayside, where the local vascular surgeons were known to be
advocates of distal reconstruction. However, this area also had a relatively high
amputation rate. This suggests that the very high reconstruction rate in Tayside can be
explained only in part by a preference for distal reconstruction rather than amputation
in patients with critical ischaemia, and is likely to also reflect other factors such as a
lower threshold for intervention in patients with claudication.
Variations can be reduced through audit of clinical practice, feedback of the results and
education on why and how practice should be changed. However, before audit can be
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undertaken appropriate practice must be defined. This can be done through a number
of mechanisms (Roland 1992). Utilisation rates are often used as an index of
appropriateness but may often be misleading as such (Goldacre and Griffin 1983). As
mentioned previously confounding factors often cannot be taken into account and
information is often lacking on what constitutes the correct rate. High rates may be
interpreted erroneously to reflect productivity and good practice (Goldacre and Griffin
1983). Also, it is commonly assumed that outliers must represent inappropriate practice
and that average practice is appropriate (Roland 1992). However, this may not be true.
The appropriateness of practice can, in theory, be judged by the outcomes obtained
(Ellwood 1988, Tarlov et al. 1989). However, the intervention under consideration is
often not the only factor influencing outcomes. Case-mix, socio-economic factors and
contemporaneous interventions may all affect outcome but may be difficult to define
and measure. Furthermore, the most readily available outcome measures may not be
the most appropriate. Because of these problems, practice is often most readily assessed
in comparison with standards which define the process of care. Where possible, these
are defined by the results of randomised trials. However, most interventions in
common usage have not been subjected to such rigorous evaluation. More commonly
evidence of effectiveness is predominantly derived from observational studies, case-
series and personal experience. The following chapter describes how consensus
methods can be used to synthesise the available evidence into a single set of indications
or standards. Comparing areas by the extent to which they meet such indications, rather
than by utilisation rates, overcomes many of the problems described, such as the need
to take account of confounding factors and define appropriate practice.
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CHAPTER 6
Development of indications for
arterial reconstructive surgery and primary major amputation
6.1. Introduction
Ideally, appropriate indications for surgical procedures should be derived from the
results of large randomised controlled trials. However, many procedures become
accepted into routine clinical practice without rigorous evaluation.
Both arterial reconstructive surgery and primary major amputation are routinely used to
treat patients with chronic critical lower limb ischaemia. However, evaluation of these
methods has largely been limited to small-scale observational studies which are unable
to define precise and comprehensive indications for either procedure. The future
conduct of randomised trials is prohibited by the fact that arterial reconstruction has
been adopted into routine clinical practice, thereby making randomisation to major
amputation unacceptable in patients in whom limb salvage might be possible.
Where empirically-derived data are lacking, appropriate clinical practice can be defined
by consensus methods (Fink et al. 1984). Consensus methods help to create a structured
environment within which expert judgement and clinical data can be sensibly
combined. They help to overcome the lack of conclusive comprehensive study data by
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utilising the knowledge and experience of practitioners in the field. Before seeking
personal opinions and judgements, it is important to cull from existing sources all of
the appropriate information, and synthesise this into a form which can be used to
inform the panel. If the panel is not provided with the available study evidence,
restricted though it may be, the consensus opinion will be based only on the limited
experience and reading of the panel members.
The main purpose of consensus methods is to define areas and levels of agreement on
controversial subjects. However, consensus methods can also be of use in identifying
areas of divergent opinion, where future research could be most usefully directed (Fink
et al. 1984, Rennie 1981).
Consensus methods have been used extensively in the United States, where the
National Institutes of Health have organised more than 40 consensus development
conferences since 1977. Consensus methods have also been used by many other United
States organisations, including the Centre for Disease Control, American College of
Physicians, University of California (UCLA) and the Rand Corporation. Within
Europe, interest in consensus methods has grown over the last decade. In 1989 a
European Working Group published a Consensus Document on Chronic Critical Leg
Ischaemia (European Working Group 1989/1991). This document included some
general recommendations on indications for arterial reconstruction and major
amputation, but did not contain sufficient detail to define the most appropriate
intervention for all clinical presentations of chronic critical lower limb ischaemia.
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6.2. Consensus methods
A number of methods have been developed for deriving consensus in a systematic and
explicit manner. Two of the first methods developed were the nominal group and
Delphi methods. Both methods possess formal rules regarding the collection and
analysis of information, and both require that the definition of consensus is agreed in
advance of data collection. The nominal group method has a number of disadvantages.
It requires a structured meeting of ten or less individuals, which is led by a nominated
individual who must be trained in the methodology and possess no views or vested
interest in the topic under discussion. The success of the methodology is highly
dependent on the skills of the leader and the group dynamics (Van de Ven and Delbecq
1972). With the Delphi method, the "leader" is removed from participants, and has a
primary responsibility to coordinate the survey and interpret and feed back results.
Because the nominal group method requires consensus to be reached, in part, through
direct discussions between group members, the results are subject to bias towards the
views of the most dominant and vocal members. Thornell (1981) demonstrated that a
nominal group process produced less frequent and stable consensus when applied to
medical management than did the Delphi method. A number of more recent alternative
methods have been developed which also provide participants with a structured
environment for problem-solving. However, their methodologies have yet to be
standardised and their most appropriate uses defined.
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The consensus statements coordinated by the National Institutes of Health require a less
explicit methodology than the Delphi method. As a result, they have been criticised as
being "bland generalities that represent the lowest common denominator of a debate ....
the only points on which the experts can wholeheartedly agree ... these points must be
so mild, so far from the cutting edge of progress, and so well established that surely
everyone must already know them" (Rennie 1981).
6.3. The Delphi method
The Delphi consensus method was developed in 1948 by Brook and colleagues at the
Rand Corporation (Brook et al. 1988, Chassin et al. 1986a-c, Dalkey 1967 and 1969,
Fink et al. 1984, Helmer 1966, Kahn et al. 1988, Park et al. 1986, Sackman 1975).
Given that the method was intended to elicit expert opinion in an explicit and
systematic manner, the decision to name the process after the Oracle at Delphi is
somewhat ironic. Although an important source of wisdom in the ancient world, the
Oracle at Delphi was criticised by Socrates for the ambiguity of the advice given:
"What does the God mean? Why does he not use plain language?" (Trendennick 1969).
The Delphi method was originally applied to a variety of non-medical topics, including
social, industrial and defence projects. Within medicine it has been used, on a number
of occasions, to prioritise needs and services (Charlton et al. 1981, Clark and Friedman
1982, Goodale and Gander 1976, Gustafson et al. 1975, Hill and Goodale 1981,
Koplon and Farer 1980, Kumaran et al. 1976, Loughlin and Moore 1979, Milholland et
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al. 1973, Moscovice et al. 1977, Thomson and Ponder 1979). It has also been used to
determine appropriate indications for a variety of procedures, including carotid
endarterectomy, coronary angiography and coronary artery bypass grafting (Brook et
al. 1988, Chassin et al. 1986a-c, Gray et al. 1990, Merrick et al. 1987, Park et al. 1986).
The method is defined by a number of characteristics (Brown 1968, Milholland et al.
1973, Roland 1992, Sackman 1975, Starkweather et al. 1975):
Consensus is derived by a panel of "experts."
The results of the process must be acceptable to the wider group of individuals who
may ultimately be charged with implementing changes in practice. If panel members
are to be acceptable advocates for this wider group, they must represent the range of
views and experience within it, and must have sufficient expertise and knowledge to
proffer authoritative opinons. In medical projects consideration should be given to
drawing panellists from a range of professions, and from different health-care settings
located in a variety of geographical areas. However flexibility is essential, since the
ideal panel size and composition will depend on the topic addressed.
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Participants are polled individually and anonymously, usually using self-administered
questionnaires.
Many alternative consensus methods have been criticised for tending to give undue
weight to the views of the most dominant and vocal members of the group. The Delphi
method gives equal weight to the opinion of all panellists, and anonymous completion
of the questionnaire prevents one individual influencing the opinion of others. Thus
each participant is able to express his or her views impersonally while ultimately
contributing to the information generated by the entire group. Conducting rounds by
post also overcomes the physical constraints on selection of panellists encountered in
some alternative consensus methods. Although the views of panellists could be
weighted as part of the Delphi methodology, this would be at variance to the
underlying concept of allowing individuals to contribute equally to the consensus view
formed.
The survey of opinion is conducted over more than one round.
After each round the results are collated and fed back to the panellists, before inviting
them to complete a duplicate questionnaire amending previous responses if they so
wish. The feedback informs individual participants how their responses relate to those
of the group as a whole. The process is considered complete when it reaches the point
of convergence of opinion or diminishing returns. The final appropriateness rating of
each indication is determined by both the direction and dispersion of responses. The
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reliability of the method increases with the size of the group and the number of rounds,
but panellists can become fatigued over more than two rounds and coordinating large
groups and several rounds can be complicated and costly.
Research has shown that panels from different countries derive different indications for
surgery (Brook et al. 1988). This, in part, reflects cultural differences in the way in
which published literature is interpreted. Therefore the results of consensus panels
should not be generalised to other countries.
6.4. Study methods
6.4.1. Panellists
The panel consisted of 29 vascular surgeons from Scotland and the north-east of
England. The panellists equated to 64% of the vascular surgeons working in these areas
and were chosen to reflect a range of perspectives. Twelve (41%) members of the panel
were full-time vascular surgeons and 17 (59%) were general surgeons with a vascular
interest. The panellists came from a spectrum of geographical locations (Figure 6.1.)
and represented both teaching and district general hospitals. All of the 29 surgeons
invited to participate agreed to do so and all completed both rounds of the
questionnaire.
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The questionnaire consisted of a series of hypothetical case scenarios describing
different clinical presentations of chronic critical lower limb ischaemia (Appendix 1).
Following the detailed review of the relevant literature contained in Chapters 2 and 3,
and discussions with vascular surgeons, 218 case scenarios were selected for inclusion
in the questionnaire. The number and types of scenarios included were intended to
ensure that the scenarios were mutually exclusive, that they represented all possible
presentations of critical limb ischaemia, and that surgery would be equally appropriate
for all patients represented by one scenario.
The scenarios were described in terms of the key clinical parameters which determine
decisions on whether to undertake major amputation or arterial reconstructive surgery:
• the presence or absence of rest pain,
• the presence or absence of tissue loss,
• ifpresent, the site of tissue loss (none, digital, forefoot and heel)
• ifpresent, the severity of tissue loss (deep or superficial),
• the availability of a vein for autologous grafting, and
• the angiographic findings (13 options presented pictorially).
For the purposes of the questionnaire, chronic critical limb ischaemia was defined in
accordance with the Second European Consensus Document (European Working
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Group 1989&1991). The patients described by the case-scenarios were deemed to have
already received the following pre-operative medical management:
• control of diabetes mellitus, hypertension and hyperlipidaemia,
• adequate attempts at pain relief,
• use of sub-cutaneous heparin, prostanoids, vasodilator and antiplatelet drugs
where indicated,
• antibiotic therapy for systemic infections,
• debridement of necrotic tissue, and
• advice on smoking cessation.
The patients described by the case-scenarios were also deemed to lack the following
contra-indications to major surgery:
• dementia,
• severely restricted functional capacity, due to respiratory, cardiovascular or
cerebrovascular disease,
• markedly reduced life-expectancy, due to concomitant life-threatening
conditions or markedly advanced age,
• patient opposition to surgery, or
• lack of fitness for general anaesthesia.
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The questionnaire was piloted by six vascular surgeons or general surgeons with a
vascular interest. The aim of the pilot was to test how comprehensible the questions
were and how easy they were to answer. As a result of their verbal and written
feedback, the presentation of the questionnaire was revised to include pictorial
presentations of the degree of gangrene to supplement the written descriptions. No
changes to the content of the questionnaire nor order of the questions were felt to be
needed.
6.4.3. Scoring and feedback
For each of the 218 case-scenarios, panellists were asked to rate the appropriateness of
arterial reconstruction and primary major amputation separately using two multi-level
scales ranging from 1 (extremely inappropriate) to 9 (extremely appropriate) (Figure
6.2.).
Figure 6.2. Rating scale of appropriateness used in questionnaire
extremely inappropriate => 123456789 <= extremely appropriate
ft
equivocal
(neither clearly appropriate nor clearly inappropriate)
148
For the purpose of the sliding scales, "appropriate" was defined as meaning that the
expected health benefit, in terms of increased life-expectancy, symptom relief or
improved function, exceeded the expected adverse consequences by a sufficiently wide
margin that the procedure was worth undertaking. "Inappropriate" was defined as the
converse. In line with the Delphi methodology, panellists were asked to ignore the
financial cost ofprocedures, and the availability of resources.
In analysing the results of the first round, the highest three ratings and lowest three
ratings for each case-scenario were discarded. The remaining 23 scores were defined as
showing "agreement" if they fell within a three-point range, and "disagreement" if they
did not.
The indications were then classified on the basis of the median score and the level of
agreement. Indications were classified as "appropriate" if the median score for the case-
scenario was 7-9 and the range of scores suggested agreement, "inappropriate" if the
median was 1-3 with agreement, and "equivocal" if the median was 4-6, or agreement
was lacking (Table 6.1.).
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Table 6.1. Classification of indications based on the median score and range of scores.
Median score Level of agreement Classification of indications
1-3 Agreement* Inappropriate
1-3 No agreement** Equivocal
4-6 Agreement* Equivocal
4-6 No agreement** Equivocal
7-9 Agreement* Appropriate
7-9 No agreement** Equivocal
Scores within a three-point range after discarding three highest and three lowest
scores.
Scores outwith a three-point range after discarding three highest and three
lowest scores.
The literature review contained in Chapter 3 was circulated to panellists with the initial
questionnaire to ensure that all of the panellists were conversant with the published
evidence available at that time. After completion and analysis of the first round,
feedback was posted to panellists in the form of histograms of the group's scores for
each question (Appendix 2). The panellist's personal score and the group median were
marked on each histogram. Analysis of the second round was conducted in the same
way as the first. A x test was applied to determine if convergence of opinion between
the two rounds was statistically significant. The scores ascribed by the panellists to
each of the 218 scenarios in both the first and second rounds are contained in Appendix
3.
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6.4.4. Factors affecting ratings
In considering the factors affecting panel scores, the responses for major amputation
and arterial reconstructive surgery were considered separately. The categories of rest
pain, tissue loss, vein availability and angiography were ranked according to clinical
severity. The mean panel score was calculated for each of these categories in turn. This
enabled the face validity of the panel scores to be assessed, by determining whether a
trend existed in the mean scores across the ranked categories.
Multiple linear regression analysis was undertaken using, as outcome variables, the
6,322 scores provided by the 29 surgeons to the 218 questions. The factors and their
ranked categories contained in Table 5.4. were entered as the predictor variables and
their levels. This enabled the statistical significance of the factors to be determined after
adjustment for the other predictor variables.
Also, the variance provided information on the extent to which the variation observed
in scores could be attributed to the four clinical factors described. This was important in
assessing the reliability of the responses given to a lengthy questionnaire in which
respondents may have become fatigued.
A Wilcoxon signed rank test was used to determine if the scores provided by specialist
vascular surgeons differed significantly from those of general surgeons with a vascular
interest. The multiple linear regression analysis was also repeated, assessing specialists
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and generalists separately, to determine if the different clinical factors exerted the same
degree of influence on the decision-making of these two groups.
6.5. Study results
Between the first and second rounds opinion converged significantly on the
appropriateness of indications for both primary major amputation (x test, p<0.01) and
arterial reconstructive surgery (yj test, pO.OOOl) (Table 6.2.). In the second round,
agreement was reached on 31 appropriate indications for major amputation and 66 for
arterial reconstructive surgery.
Table 6.2. Ratings of appropriateness of case scenarios following first and second
rounds of questionnaire.
Number (%) case scenarios





























No case scenarios were considered to represent appropriate indications for both
procedures and none were inappropriate for both (Table 6.3.)- 1" theory, indications
could be classified as equivocal either because opinion was divergent or because there
was a good consensus that the benefits and risks of the procedure were balanced.
However, in practice the latter did not apply to any indications. All indications
classified as equivocal were due to a divergence of opinion on the merits of the
procedure in that sub-group ofpatients.
Table 6.3. Classification of indications according to appropriateness for arterial
reconstruction and major amputation following second round of questionnaire.
Arterial reconstructive surgery Primary major amputation Number (%) indications
Appropriate Appropriate 0 (0%)
Appropriate Inappropriate 61 (28%)
Appropriate Equivocal 5 (2%)
Inappropriate Appropriate 31 (14%)
Inappropriate Inappropriate 0 (0%)
Inappropriate Equivocal 30 (14%)
Equivocal Appropriate 0 (0%)
Equivocal Inappropriate 4 (0%)
Equivocal Equivocal 87 (40%)
The face validity of the responses was demonstrated to be good (Table 6.4). The
questions were classified by rest pain, gangrene, vein availability and angiography in
turn, and the categories for each clinical parameter then ranked according to severity of
disease. For all clinical parameters, as disease severity increased, the mean panel score
for primary amputation rose indicating its increasing appropriateness. Conversely,
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arterial reconstruction scores fell indicating decreasing appropriateness. For tissue loss
and angiography which possessed more than two categories, a consistent trend in
scores was observed across all the categories (Table 6.4).
Table 6.4. Mean panel score by categories of rest pain, tissue loss, vein availability and
angiogram findings.
Mean panel score
Number (%) of Major Arterial
questions amputation reconstruction
Rest pain Absent 66 (40%) 2.7 5.6
Present 100 (60%) 4.6 5.3
Tissue loss None 22 (10%) 2.9 5.8
Digital 48 (22%) 2.9 5.6
Superficial forefoot 48 (22%) 3.5 5.6
Superficial midfoot/heel 48 (22%) 4.2 5.4
Deep forefoot 26 (12%) 4.4 5.4
Deep midfoot/heel 26 (12%) 6.6 4.0
Vein Vein available 109 (50%) 3.9 5.7
availability No vein available 109 (50%) 4.3 5.1
Angiogram Inflow and/or SFA* 72 (33%) 1.5 8.5
findings occlusion
Inflow and outflow 38 (17%) 2.4 7.3
obstruction
Outflow occlusion but 36 (17%) 4.5 5.1
vessels patent at ankle
Outflow occlusion 18(8%) 7.1 1.9
Outflow and SFA* 54 (25%) 7.6 1.0
occlusion
*SFA Superficial femoral artery
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On multiple linear regression analysis, rest pain, gangrene, vein availability and
angiogram findings explained 74% of the observed variation in amputation scores, and
75% of that in arterial reconstruction scores. Angiogram findings were the most
significant determinant of the appropriateness of both major amputation and arterial
reconstruction (overall p<0.0005) (Tables 6.5.&6.6.). Tissue loss was also
independently associated with both scores. The availability of a vein was only
significant in determining the appropriateness of arterial reconstruction and rest pain
was only significant for major amputation.
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Table 6.5. Multiple linear regression analysis of the association between major












superficial midfoot / heel
vein available'
no vein available
inflow and / or SFA occlusion'
inflow and outflow occlusion
outflow occlusion but ankle patent
outflow occlusion














Ap difference in adjusted mean, CI confidence interval, SFA superficial femoral artery
' deep tissue loss missing because unable to classify by presence of rest pain
*p<0.05, **p<0.01, ***p<0.001
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Table 6.6. Multiple linear regression analysis of the association between arterial






















Angiogram findings inflow and / or SFA occlusion' 0.00
inflow and outflow occlusion -2.09 (-3.06,-1.12)***
outflow occlusion but ankle patent -3.21 (-4.14,-2.28)***
outflow occlusion -7.54 (-1.74,-6.34)***
outflow and SFA occlusion -5.57 (-6.39,-4.75)***
Ap difference in adjusted mean, CI confidence interval, SFA superficial femoral artery
' deep tissue loss missing because unable to classify by presence of rest pain
*p<0.05, **p<0.01, ***p<0.001, ****p<0.0005
Overall, vascular surgery specialists rated arterial reconstruction as more appropriate
and major amputation as less appropriate than general surgeons with a vascular interest.
However, the differences were not statistically significant (Table 6.7).
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Table 6.7. Median appropriateness scores for major amputation and arterial
reconstruction by type of surgeon
Major amputation Arterial reconstructive
surgery








Applying multiple linear regression analysis to vascular and general surgeons
separately, vein availability was a significant determinant of arterial reconstruction and
major amputation score for vascular surgeons only (Tables 6.8&6.9). The significant
associations demonstrated for angiography were common to both groups of surgeons,
as was the significant association between major amputation score and both rest pain
and tissue loss. Tissue loss was a significant predictor of arterial reconstruction score
for vascular surgeons only.
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Table 6.8. Multiple linear regression analyses of the association between major
amputation appropriateness scores and clinical parameters for general and vascular
surgeons.
General surgeons Vascular surgeons





























inflow and / or SFA
occlusion'
inflow and outflow occlusion
outflow occlusion but ankle
patent
outflow occlusion











Ap difference in adjusted mean, CI confidence interval, SFA superficial femoral artery
' deep tissue loss missing because unable to classify by presence of rest pain
*p<0.05, **p<0.01, ***p<0.001
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Table 6.9. Multiple linear regression analyses of the association between arterial
reconstruction appropriateness scores and clinical parameters for general and vascular
surgeons.
General surgeons Vascular surgeons





























inflow and / or SFA
occlusion'
inflow and outflow occlusion
outflow occlusion but ankle
patent
outflow occlusion















Ap difference in adjusted mean, CI confidence interval, SFA superficial femoral artery
1 deep tissue loss missing because unable to classify by presence of rest pain
*p<0.05, **p<0.01, ***p<0.001, ****p<0.0005
6.6. Conclusions
Because of the lack of randomised trials of the surgical management of chronic critical
lower limb ischaemia, evidence of the appropriate indications for arterial reconstructive
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surgery and major amputation is limited to observational studies and clinical
experience. Consensus methods provide a structured and explicit mechanism whereby
the available evidence can be collated and translated into agreed indications for
surgery. Consensus standards are not a substitute for experimentally derived standards,
but can provide useful guidance in their absence and are preferable to arbitration by a
single opinon.
The Delphi method has been used to derive indications for a number of other surgical
procedures (Brook et al. 1988, Chassin et al. 1986a-c, Gray et al. 1990, Merrick et al.
1987, Park et al. 1986) and has advantages over other consensus methods. The method
has been demonstrated to be both valid and reliable (Merrick et al. 1987). Equal weight
is given to the opinion of all participants, and anonymous polling of views prevents one
individual influencing the views of another. Some consensus methods require complete
agreement and have therefore been criticised for producing "bland" recommendations
which have already been implemented (Fink et al. 1984, Rennie 1981). By contrast the
Delphi method allows for minor degrees of dissension by omitting the most atypical
responses before assessing consensus. The reliability of the Delphi method increases
with the size of the panel (Dalkey 1969) and, since questionnaires can be posted, there
are no geographical constraints on the selection of participants. Because of cultural
influences, panels from different countries may classify different proportions of
hypothetical scenarios appropriate or inappropriate (Brook et al. 1988). However, they
tend to rank scenarios in the same order (Brook et al. 1988). The panel should be
composed of members from the country in which practice is to be assessed as this is
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likely to produce greater concordance between actual and ideal practice (Leape et al.
1993).
As in previous studies using this method, the large number of indications classified as
inappropriate reflects the aim of making the questionnaire as inclusive as possible of all
potential presentations.
Application of this method identified those clinical presentations where there was good
agreement on how patients should be managed. These indications can be used as the
basis of clinical guidelines. Of equal importance is the identification of those clinical
situations where consensus is lacking. In this study, opinion was divided on the most
appropriate managment of patients with occluded femoral, popliteal and proximal tibial
arteries, but patent arteries at the ankle or foot level. In such situations, some surgeons
would advocate femorocrural reconstruction, especially if a suitable vein is available
for autologous grafting. However, this is a time-consuming procedure requiring high
levels of surgical expertise and vascular laboratory and radiological support, and it does
not find unanimous support (Anon 1992, Skillman 1993). Highlighting areas of
divergent opinion helps to target future studies at those areas where they are most
needed.
Indications derived by consensus must reflect all perspectives. In this study, the large
number of panellists and their representation of all localities and types of unit reduced
the risk of bias. Also, the fact that two-thirds of surgeons performing vascular surgery
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in Scotland participated directly in the rating of indications greatly increases the
likelihood that they provided a good reflection of overall opinion. The good validation
of the results and the ability of clinical parameters to explain most of the variability in
scores further enhanced the credibility of the results. The high variance figures of 74%
and 75% suggest that the scores obtained were largely explained by the clinical details
contained in clinical scenarios. This is reassuring in light of the length of the
questionnaire and the likely fatigue caused. By ensuring good representation of all
interested parties ownership of results can be encouraged, thereby increasing the chance
of addressing any deficiencies identified in the study.
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CHAPTER 7
Comparison of clinical practice and consensus indications
7.1. Introduction
Comparisons of crude operation rates are an insufficient measure of variations in
practice. Geographical areas may vary in terms of demography, disease incidence,
disease natural history and referral patterns. Therefore variations in operation rates may
reflect differences in volume and case-mix as well as differences in clinical
management. Because of these reasons, it is more justified to compare clinical
management in different areas by means of the percentage of operations conforming
with agreed patient selection criteria. In this chapter the operations performed in a
sample of hospitals throughout Scotland are compared with the appropriate and
inappropriate indications agreed by the method outlined in the previous chapter.
7.2. Methods
Samples of primary major amputation and arterial reconstruction operations were
selected using a two-stage sampling method. The 20 Scottish hospitals which perform
vascular surgery were stratified into three groups according to the annual numbers of
vascular operations performed. These figures were obtained from routine discharge
data collated by ISD. "Low volume" hospitals were defined as those performing less
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than 100 major amputations plus arterial reconstructions per annum. "Medium volume"
hospitals performed between 100 and 400 operations per annum, and "high volume"
more than 400. The numbers of hospitals falling within these three categories were
four, ten and six respectively. Stratified random sampling, using random number tables,
was then used to select a total of ten hospitals which reflected the relative numbers of
different types of hospitals present throughout Scotland as a whole. Thus, two hospitals
were selected randomly from the "low volume" hospitals, five from the "medium
volume" and three from the "high volume."
Within each of these hospitals, a list was compiled from the computer database or
operating theatre registers of the most recent 20 consecutive arterial reconstruction
operations and the most recent 20 primary major amputations which satisfied the study
inclusion and exclusion criteria outlined in section 5.4.2. The case-notes and
angiograms of each of these patients were reviewed and information collected on a
standardised recording sheet (Appendix 4) on the type of operation, presence or
absence of rest pain and tissue loss, site and severity of tissue loss and angiogram
findings. This information was used to categorise patients into one of the 218 clinical
presentations contained within the original Delphi questionnaire (Appendix 5). The
appropriateness of these operations was then assessed in comparison to the indications
previously defined (Appendix 5). yj tests were used to determine whether the
proportion of operations which conformed to the agreed indications differed
significantly between individual units and by size of unit.
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7.3. Results
Overall, 48% of arterial reconstruction operations conformed with the agreed
indications (Table 6.1.). The 49% classified as equivocal were predominantly
femorodistal reconstructions. Only 7 (4%) did not conform with the indications.
Only 31% of primary major amputations conformed with the agreed indications (Table
7.1.). Twenty four percent did not conform. These were predominantly patients with
minor degrees of tissue loss and predominantly proximal disease.
Table 7.1. Numbers of arterial reconstruction operations and primary major
amputations which conformed with the consensus indications.
Consensus category Arterial reconstruction Major amputation
n (%) (95% CI) n (%) (95% CI)
Appropriate 95 (48%) (41,55) 62 (31 %) (25,37)
Equivocal 98 (49%) (42,56) 90 (45%) (38,52)
Inappropriate 7 (4%) (1,7) 48 (24%) (18,30)
There were significant differences in the degree of conformity for arterial
reconstruction operations both between individual hospitals (yj test, p<0.05) and by
size of unit (x2 test, p<0.05) (Table 7.2.). The percentage of arterial reconstructions
which conformed with the indications was 65% in "low volume" hospitals compared to
only 48% in "high volume" hospitals.
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Table 7.2. Numbers of arterial reconstruction operations which conformed with the
consensus indications by hospital volume of throughput.
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The percentage of amputations which did not conform with the indications also differed
significantly by size of unit (x2 test, p<0.05), although there were no clear trends
apparent (Table 7.3.). The difference between individual units was not statistically
significant.
Table 7.3. Numbers of primary major amputations which conformed with the
consensus indications by hospital volume of throughput.
Hospital category
Appropriate
n (%) (95% CI)
Consensus category
Equivocal
n (%) (95% CI)
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Operation rates reflect disease frequency and case-mix as well as clinical management.
Therefore comparisons of operation rates may give a misleading impression of the
extent to which clinical management varies. This problem can be overcome by
comparing the extent to which practice conforms to agreed criteria in different areas.
Overall, fifty five (14%) of the operations assessed did not conform to the agreed
indications for surgery. This suggests that the actual practice of vascular surgeons in
Scotland differed from their own ratings of appropriate practice. The discrepancies
found may reflect inappropriate practice. If this is the case, and the results are
generalised to all units in Scotland, over 170 patients in Scotland could be undergoing
major amputation each year when arterial reconstruction may be more appropriate.
Similarly, inappropriate attempts at limb-salvage may be undertaken in around 60
patients each year. In a similar study by Gray et al. (1990) in Trent, 21% of coronary
angiograms and 16% of coronary artery bypass graft operations were classified as
inappropriate despite more than half of these procedures being undertaken by members
of the Delphi panel. The authors suggested that consensus panels inevitably formulate
indications which are more conservative than actual practice since some panellists treat
individual patients more aggressively than they are willing to admit openly (Gray et al.
1990). A legitimate reason for divergence from consensus indications is the inability to
take account of all the factors relevant in individual cases in formulating consensus
criteria or, indeed, evidence-based guidelines. Factors less likely to be considered
include patients' wishes, available resources and surgical expertise. Therefore lack of
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adherence to consensus criteria does not necessarily infer poor management. In the
study by Gray et al. (1990), 30% ofpatients who underwent apparently "inappropriate"
angiograms subsequently underwent coronary artery bypass graft operations. The
authors concluded that, given the limited resources and waiting lists which characterise
the National Health Service, choices must be made and Delphi appropriateness ratings
are helpful in devising guidelines to assist these choices.
There were significant variations between units in the proportion of arterial
reconstruction operations which conformed with the criteria. The proportion was
highest in "low volume" units which is likely to reflect a generally less aggressive
aproach to limb-salvage in such units. This differed from the findings reported by
Leape et al. (1993) who demonstrated no significant differences by hospital, region,
procedure volume or teaching status in the percentages of coronary artery bypass
operations which were performed inappropriately. However, this may reflect their
generally low rates of inappropriateness.
The surgeons who participated directly in this study all received copies of the results in
which their own hospital was identified. In addition, anonymised results were
published in a peer-reviewed vascular surgery journal (Appendix 6), and were
presented and discussed at the Annual Meeting of the Scottish Vascular Audit Group.
Following feedback of the results, written guidelines were compiled which summarised
the criteria on which agreement was reached (Appendix 7). These were discussed,
revised and endorsed by the members of the Scottish Vascular Audit Group and,
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thereafter, circulated to all participating surgeons and agreed to by them. Their format
was chosen to provide a quick reference document for use in clinical practice. As with





Chronic critical lower limb ischaemia was chosen as the topic of this thesis because it
is a relatively common condition, has a poor prognosis, is expensive to treat and may
be managed in a number of ways. Also anecdotal evidence suggested a lack of
consensus on its management. There was wide acceptance among the vascular surgical
community that this was a subject worthy of study and a general willingness to
participate.
Peripheral arterial disease is common and therefore a large number of individuals are
potentially at risk of developing critical limb ischaemia. Around 5,000 new cases of
chronic critical lower limb ischaemia present each year. It is a serious condition. Case-
fatality rates are high, in both the short- and long-term, and one-quarter of those
affected will lose at least one limb. Quality of life is adversely affected even in those in
whom limb-salvage is successful. The costs of the disease and its treatment are high for
the individual, the health service and society as a whole. It is characterised by
prolonged in-patient treatment, intensive rehabilitation and serial procedures.
Patients and surgeons are faced with a choice of management options including
attempted revascularisation, major amputation and conservative management. These
treatment options have never been compared in a randomised controlled trial. They are
unlikely to be subjected to such rigorous evaluation now in light of the adoption of
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arterial reconstructive surgery into routine clinical practice and the view that major
amputation, being a relatively mutilating procedure, should only be undertaken in
patients in whom arterial reconstruction is not appropriate. Despite the lack of trial
evidence these treatment options are clearly very different in terms of their potential
impact on mobility, physical and social functioning, self-image and quality of life.
Anecdotal evidence suggested that wide variations may exist in the management of
patients with chronic critical lower limb ischaemia. Published case-series demonstrated
variations in procedure rates by place of residence and place of treatment. Our results
confirmed that wide variations also exist within Scotland in the rates of both major
amputation and arterial reconstructive surgery.
Variations in the rates of a procedure may reflect real differences or may be due to
random effect or statistical chance. A number of statistical methods can be used to help
differentiate between the two. Two summary statistics commonly quoted to measure
variation in a sample are variance and standard deviation. Both of these figures
measure absolute variation. As such they are influenced by the scale of measurement. If
the average rate of surgery in an area is high then the absolute variation will be
correspondingly large. Comparisons of rates by area are influenced by both the average
rates and the internal variability of these rates. Both of these factors are taken into
account in the calculation of the coefficient of variation which is the standard deviation
of the sample divided by the mean. If the sampling error is large, due perhaps to a small
population, then the coefficient of variation will be large even though the variance and
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absolute variation may be small. Because of the differing bases and interpretations of
these statistics all three are quoted in the thesis for comparison.
In determining whether the difference between rates in individual areas is statistically
significant a number of methods can again be employed. In this thesis consideration of
such aspects is limited to the inclusion of 95% confidence intervals for the age-sex
standardised rates. To evaluate this properly would require the use of Poisson
regression analysis to determine the statistical significance of the association between
area of residence and the number of procedures performed on that population after
taking account of covariates such as age and sex. However, this level of statistical
complexity was felt to be inappropriate in this instance. Many pertinent covariates
which impact on procedure rates such as disease incidence and natural history,
comorbidity and referral patterns are not available. Therefore, undertaking more
complex statistical analyses might have appeared to lend greater legitimacy to the
misconception that variations in procedure rates are necessarily indicative of variations
in hospital practice. For similar reasons, other methods such as that described by
McPherson et al. (1982) were not employed.
Since geographical variations in rates may be appropriate where differences exist in
factors such as disease incidence, natural history and comorbidity the variation
demonstrated in this thesis can only be interpreted as a possible indication of
differences in clinical practice which merit the more detailed study contained in
Chapters 6 and 7.
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The positive correlation between major amputation and arterial reconstructive surgery
was greater for the analysis by health board area of treatment than that by health board
area of residence. There are clearly a lot of factors influencing both of these. However
the strong positive association by health board of treatment is be expected. The main
factors contributing to the positive correlation by health board area of treatment are
referral patterns and supply factors. Patients with both chronic critical ischaemia and
intermittent claudication are more likely to be treated in health board areas which
contain vascular surgeons and are least likely to be treated in health board areas in
which there is no surgeon with a specific vascular interest. Health board areas
containing specialist vascular surgeons in tertiary centres have a generally high
throughput of patients. Therefore they may undertake relatively high numbers of major
amputations even if they have a higher threshold for undertaking major amputation in
individual patients. These centres will also perform large numbers of arterial
reconstructive operations because of a relative preference for limb-salvage procedures
in patients with critical ischaemia as well as cross-boundary referrals of intermittent
claudication patients in whom they will also have a lower threshold for treatment.
The positive association by health board area of residence is more interesting and also
more complex to understand. The lower positive correlation than for health board of
treatment is to be expected due to supply factors. Patients who live near tertiary centres
are more likely to undergo arterial reconstruction for both critical limb ischaemia and
intermittent claudication because of easier access and a lower threshold for referral and
operation. They are also less likely to undergo major amputation because of a relative
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preference for limb-salvage in tertiary centres. The fact that there is nonetheless a
residual positive correlation is noteworthy. This may, in part, reflect sequential
procedures since patients with critical limb ischaemia who live near tertiary centres are
more likely to undergo arterial reconstruction than major amputation and those who
undergo major amputation are more likely to undergo it at the below-knee level.
Therefore, sequential operations and revisions are more likely to occur.
Because of the difficulty of measuring all covariates using routine data sources, it was
decided to develop specific indications for both major amputation and arterial
reconstructive surgery and to compare these with the information contained in the case-
notes and angiograms of a retrospective sample of patients. Over the last few years
there has been increasing emphasis placed on the need for the indications contained
within guidelines and protocols to be "evidence-based." However in practice most
aspects of medicine are characterised by a complete paucity of evidence. Even where
evidence is available studies tend to recruit very small samples of highly selected
patients and focus on a limited number of easily measurable outcomes. The results
available are further limited by the effect ofpublication bias. Where only observational
studies are available additional problems are encountered in the extent to which case-
mix can be taken into account. Therefore developing comprehensive indications based
on published evidence is rarely possible. As a result those evidence-based guidelines
which have been published, such as those produced by SIGN, tend to include a
relatively small number of highly focussed recommendations many of which carry a
low grading.
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Contrary to a common misconception, consensus indications and guidelines do take
account of published evidence. One characteristic of the Delphi methodology employed
in this thesis is that a comprehensive literature review is undertaken and circulated to
all panellists prior to eliciting their views. However the method allows consideration
also to be given to clinical experience and does not specify the relative weights which
should be given to the various types of evidence considered. It is open to speculation as
to whether the latter is disadvantageous in that it lacks scientific rigour and
standardisation or is advantageous in that it provides greater flexibility and a greater
ability to take account of the limitations of available evidence. As mentioned in
Chapter 4 a further feature of consensus indications is that they may carry greater legal
weight since professional acceptance is effectively a prerequisite of their development.
A number of methods have been developed for deriving consensus. The Delphi method
was chosen because if confers a number of recognised advantages. Because it can be
undertaken by post, physical constraints on the selection of panellists are avoided.
Because meetings are not required panellists are not required to find time to travel to
and attend meetings and there is no limitation on the number of panellists who can
participate. The time required from support personnel is also kept to a minimum. The
Delphi method is particularly well suited to topics where data are lacking or difficult to
obtain and where experts represent diverse backgrounds and experience (Leape et al.
1992). Its essential characteristics are anonymity, controlled feedback and the statistical
representation of results (Leape et al. 1992). These features minimise some
undersirable aspects of face to face interactions. Anonymity eliminates the effect of
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socially dominant and vocal individuals and facilities free expression of divergent
views. Because participants are nonetheless exposed to the divergent ratings of others,
albeit in a less-challenging way, they are still stimulated to reconsider their own views.
Controlled feedback encourages the panellists to remain focussed. However this might
be viewed as a disadvantage since the component scenarios are fixed at the outset
giving panellists no opportunity to revise them during rounds even if this is desirable.
Statistical representation of the results, usually through use of the median, further
minimises group pressures because there is no attempt to reach unanimity. This makes
the method particularly useful for topics in which complete consensus is unlikely to be
obtained.
It has been suggested that one disadvantage of the Delphi method is that it does not
provide an opportunity of finding out why others have divergent views (Leape et al.
1992). Without an opportunity for clarification or comment the opportunity to achieve
even greater consensus may be missed. Alternatively feedback without discussion may
result in consensus on the wrong answer.
Another problem associated with the Delphi method is the fatigue caused by
completing a long and monotonous questionnaire on more than one occasion. In this
thesis the variance was relatively high at 74% and 75% for major amputation and
arterial reconstructive surgery respectively suggesting that most of the variation
observed in the appropriateness scores could be explained by the clinical parameters
contained in the clinical scenarios. However 25%-26% could not be accounted for
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suggesting that some of the variation was spurious and therefore likely to be due, in
part, to fatigue. Increasing the number of rounds provides greater opportunity to feed
back results and influence panellists thereby facilitating consensus. However fatigue is
also likely to increase with a greater number of rounds making non-response and
erroneous entries more likely. In the context of this thesis, in which full-time clinicians
were being asked to complete the questionnaires without reimbursement, two rounds
were felt to be appropriate.
The ability to allow some degree of dissension is generally cited as an advantage of the
Delphi method. However, the degree of dissension permitted, although agreed in
advance, is arbitrary. Most studies using nine panellists allow one outlier at each
extreme. It was decided that in this study in which 29 panellists were used a pro-rata
figure of three omissions at each extreme should be employed. However this figure is
no more justifiable than any other. Quoting inter-quartile ranges is an alternative
option. However this is no more justifiable than using the range after omitting three
outliers at each extreme since the latter effectively equates to using the 79th centile
range. A sensitivity analysis was not undertaken as our participants felt that it was
imperative that the figure should be fixed in advance to avoid any temptation to select
the most desirable set of results. Altering the definition of agreement would
undoubtedly have altered the results as was found by Park et al. (1986).
The Delphi methodology permits the number and composition of panels to be varied
according to the topic being addressed. However it should be borne in mind that this
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may impact on the results obtained. It has been shown that surgeons who perform
procedures are more likely to rate them as appropriate than physicians in related
specialties who in turn rate them as more appropriate than primary care physicians
(Kahan et al. 1996, Park et al. 1986). On average, those who undertake procedures rate
the appropriateness of that procedure one point higher than those who do not (Kahan et
al. 1996). Possible reasons include self-interest, economic gain, superior knowledge
and bias. Although feedback from those performing the procedure does influence the
ratings of those who do not, this does not invariably favour greater concordance since
opinions change relatively equally in both directions (Kahan al. 1996). As a result,
multi-specialty panels provide more divergent viewpoints than uni-specialty panels and
rate fewer procedures as appropriate (Kahan et al. 1996). Similarly panels composed of
a random sample of general surgeons produce greater divergence than those composed
of nominated specialists (Leape et al. 1992). In this thesis the panel was composed of a
mixture of general and vascular surgeons selected from district general and teaching
hospitals and a spectrum of geographical areas. As might be predicted vascular
surgeons tended to rate arterial reconstruction as more appropriate than general
surgeons and major amputation as less appropriate.
Vein availability was a significant predictor of appropriateness score for vascular
surgeons only. Arterial reconstruction can be performed using both prosthetic grafts
and autologous vein grafts. Autologous vein grafts produce superior results in patients
undergoing distal reconstruction which would be required in only a proportion of the
case scenarios contained in the questionnaire. Distal reconstruction is more likely to be
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undertaken by vascular than general surgeons. They are therefore more supportive of
the procedure and are possibly more aware of the literature regarding the relative
effectiveness of the two types of graft. General surgeons are more likely to rate patients
requiring distal reconstruction as inappropriate for arterial reconstruction and
appropriate for major amputation. By contrast vascular surgeons are more likely to
support major amputation only in those in whom veins are not available for grafting.
In designing the questionnaire for the development of indications it is important to
ensure that scenarios are defined in such a way that all patients described by one
scenario would be equally appropriate or inappropriate for the procedure. This was
done at the development and pilot stages at which discussions took place as to whether
further sub-division of the clinical parameters were pertinent in terms of their impact on
clinical decision-making. Failure to ensure the homogeneity of scenarios has been cited
as a possible explanation for divergence of opinion (Park et al. 1986). However
unnecessary detail has to be avoided if the number of scenarios is to be kept to a
minimum and co-operation encouraged.
On completing the questionnaire panellists were asked to consider only effectiveness
and adverse outcomes not absolute cost or cost-effectiveness. This is in line with
similar projects using the Delphi methodology and many of the evidence-based
guideline methodologies such as that used by SIGN. Guidelines can be based on ideal,
acceptable or minimum acceptable standards of practice. Consensus guidelines such as
those developed in this thesis do take account of practical limitations and the
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difficulties of replicating trial results in practice. However our panellists did not
explicitly take account of resource issues and rationing. As such, the indications
developed fall somewhere between ideal and acceptable standards of practice. The
inclusion of considerations of cost could be supported on the grounds that its sub¬
conscious influence cannot be avoided and therefore it should be considered in a more
explicit and systematic way. Also, its inclusion would ensure that the indications
developed were clearly based on acceptable rather than ideal standards and are
therefore realistically attainable in actual practice. As mentioned in Chapter 5 some of
the variation in the management of intermittent claudication in Scotland has been
attributed to varying access to resources (Pell and Elton 1995). Resources might be
expected to impact less on the management of critical limb ischaemia since relatively
few patients are managed conservatively and primary major amputation should
generally only be considered in patients unsuitable for arterial reconstruction. It could
be argued that since neither operation has a waiting list for this sub-group of patients
issues of absolute cost and cost-effectiveness make little impact on the daily decision¬
making of those who perform the procedure and who constituted the panel. Although
not included in the literature review circulated to panellists, a review of the literature on
cost-effectiveness is included in the thesis since it is pertinent to others such as
managers and public health physicians who need to consider treatment options for
critical limb ischaemia within the wider context of overall costs and opportunity costs.
The literature review contained information on the relative benefits ofbelow- compared
to above-knee amputation although these were not considered separately in the
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questionnaire. Their inclusion in the review relates to the fact that the two procedures
have markedly different outcomes in terms of case-fatality rates, serial procedures and
mobility. Therefore to discuss outcomes following major amputation without explicitly
recognising these two distinct groups might be misleading. Their exclusion from the
questionnaire relates to the fact that in clinical practice the parameters used to define
the case scenarios enable a decision to be made as to whether arterial reconstruction or
major amputation should be performed. It is only following a decision to undertake
major amputation that a second decision is then made as to the appropriate level at
which to perform it.
In order to compare the consensus indications with actual clinical practice, information
was obtained retrospectively from case-notes and angiograms on a sample of major
amputations and arterial reconstructions. The sample was identified using a stratified
random sample of hospitals with equal numbers of patients then selected from each of
the hospitals chosen. Stratified random sampling can be done using either the same
sample size from each stratum or different sample sizes from each. Each method has its
own advantages. The advantage of the former over a simple randomised sample is that
it ensures that all strata form the same proportion of the sample as they do the
population from which the sample is drawn. The latter method has the advantage that if
some strata are small a sufficient number of representatives from this group can be
included with a smaller overall sample size than would be required to achieve the same
effect using a simple randomised sample. In this thesis we needed to compare practice
between hospitals of varying sizes. Therefore the unit for the first stage of the sampling
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was the hospital rather than the patient. This sampling method ensured that the sample
contained both 50% of all hospitals and 50% of each of the component strata, namely
low, medium and high volume units. This ensured an adequate sample from each of the
groups to be compared. However, when aggregating data to provide an overall figure
for the appropriateness of a procedure, the sample selected inevitably over-represented
patients operated on in smaller units.
The patients included in the sample were selected on the basis that they were a
consecutive series which satisfied the inclusion criteria, did not possess the exclusion
criteria and had complete information on the clinical parameters used to define the
clinical scenarios. Because there were only four clinical parameters all of which are
pertinent to the clinical management of patients, less than 5% of potentially eligible
patients had to be excluded because of incomplete data.
As mentioned clinical practice was compared by the size of unit using three categories
to define size. Clinical practice was not compared by health board area of residence for
a number of reasons. The sample size would have been too small to support
comparison between 15 different groups. Also the information required to define health
board area of residence was not available in many sets of case-notes. Any differences
demonstrated would have been difficult to interpret since they could be attributed to a
multitude of factors including access, supply factors, referral patterns and operation
thresholds. Finally, the sampling methodology was directed at the principal aim of
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comparing practice by hospital. If comparison by health board area of residence had
been intended a different sampling methodology would have been used.
A significantly lower percentage of arterial reconstruction operations performed in high
and medium volume units were in concordance with the consensus indications than in
low volume units. This is not surprising since specialist vascular surgeons are more
likely to attempt more distal reconstruction operations about which panellists' views
were divergent. As mentioned previously the panel consisted of both general surgeons
and vascular surgeons and vascular surgeons tended to give higher appropriateness
scores than general surgeons.
There has been a gradual trend away from assessing clinical performance on the basis
of process measures to assessing it using outcome measures, the general assumption
being that the latter are superior. However comparing practice in terms of outcome may
require larger sample sizes to demonstrate differences as statistically significant and the
result may not be able to be interpreted without the subsequent examination of process
(Mant and Hicks 1995). Most patients with chronic critical limb ischaemia die from
other causes, such as coronary arterial disease or cerebrovascular disease. Neither
arterial reconstructive surgery nor major amputation have been demonstrated to
improve survival. Therefore surgery in such patients is aimed at relieving pain and
improving mobility, physical and social functioning and overall quality of life, rather
than increasing longevity. Such outcomes are more difficult to measure and interpret
than survival. Also outcomes are dependent on process and case-mix both of which are
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affected by patient selection which was the topic of this thesis. In selecting patients for
surgery the aim is to ensure that those who undergo surgery do so appropriately and
those who are denied surgery are denied it appropriately. This thesis addressed only the
former group. In 1986, 90% of patients with critical ischaemia underwent some form of
surgery within one year of presentation (Wolfe 1986). Although a more recent figure is
not available it is unlikely to have fallen and may have increased. Therefore although
the management of patients who did not undergo surgery was not considered in this
thesis they represent a minority of all patients with chronic critical lower limb
ischaemia.
Following the results of this work a simple set of guidelines was produced and
endorsed by the participants and disseminated to surgeons undertaking the relevant
procedures in Scotland. The most recently available routine data suggest that the
numbers of distal reconstruction operations performed in Scotland has fallen
dramatically since their publication (personal communication Holdsworth R and Bain





Chronic critical lower limb ischaemia is an important condition in terms of the numbers
of patients affected, the impact of the disease in terms of both survival and quality of
life, and the cost of treatment. Whether estimated from studies of the incidence and
natural history of intermittent claudication, or from the incidence of major amputation,
around 5,000 people develop chronic critical lower limb ischaemia in Scotland each
year. Almost £20 million pounds is spend each year on their health-care. However,
most have concomitant cardio- or cerebrovascular disease, and less than half survive
five years irrespective of the operations undertaken (Dormandy and Thomas 1988,
Hughson et al. 1978). Severe ischaemia is associated with poor quality of life (Albers et
al. 1992, Hunt et al. 1982, Pell 1995). Although arterial reconstruction can improve
this, major amputation may itself have a deleterious effect on quality of life (Albers et
al. 1992, Gough et al. 1983, Pell et al. 1993, Thompson and Haran 1983, Weiss et al.
1990). A BKA:AKA ratio of 2.5:1 has been recommended as an appropriate target
(Dormandy and Thomas 1988). However, this ratio remains nearer 1:1 in the United
Kingdom.
The introduction of "limb-salvage" procedures, such as arterial reconstructive surgery
and percutaneous transluminal angioplasty initially failed to reduce rates of major
amputation. However, more recent studies suggest that amputation rates are now
starting to decline (Pell et al. 1994a&b, personal communication Eickhoff JH). From
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clinical follow-up studies and comparisons with historical controls, use of arterial
reconstructive surgery appears to save between one- and two-thirds of critically
ischaemic limbs. Failure to save limbs may result from graft failure or disease
progression.
Since neither amputation nor arterial reconstruction prevent progression of the
underlying disease, sequential procedures are common. Thirty percent of below-knee
amputations are followed by ipsilateral reamputation at a higher level, and 50% by
contralateral amputation (Dormandy and Thomas 1988, Ecker and Jacobs 1970, Kihn
et al. 1972), and one-third of major amputations follow failed attempts at arterial
reconstruction (Stern 1988). Sequential procedures place patients at an increased risk of
surgical complications. Also, prior attempts at arterial reconstruction have an adverse
effect on stump healing which, in turn, may result in more below-knee amputations
requiring conversion to above-knee (Dormandy 1991, Evans et al. 1990, Schlenker and
Wolkoff 1975).
Wide variations exist in the management of many conditions. Greater uniformity might
be expected in the management of chronic critical lower limb ischaemia since relatively
few patients are managed conservatively, and primary major amputation is generally
undertaken in only those patients unsuitable for limb-salvage procedures. Nonetheless,
wide variations do exist in the rates of both major amputation and arterial
reconstruction (Eickhoff et al. 1980, Michaels et al. 1994). Within Scotland, patients
resident in the 15 Health Board areas experienced a 5-fold variation in the age-sex
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Erratum
Delete from the end of the first paragraph on page 188:
"This paradoxical result corroborates the results previously published by EickhofF et al.
(1980)."
Insert at the end of the first paragraph on page 188:
"This paradoxical result appears to corroborate the results previously published by EickhofF
et al. (1980). However, as mentioned in section 5.8, much of the variation may be
accounted for by chance. Therefore caution needs to be exercised in interpreting the
variation demonstrated as differences in practice."
adjusted rate of arterial reconstruction, and a 4-fold variation in age-sex adjusted
amputation rate. Furthermore, a positive correlation was demonstrated between the
two rates, indicating that patients living in areas with high rates of arterial
reconstruction were also more likely to undergo major amputation. This paradoxical
result corroborates the results previously published by Eickhoff et al. (1980).
However, comparison of operation rates is of limited use as a measure of the
appropriateness of clinical practice, since they are influenced by differences in disease
incidence, referral patterns and case-mix, and agreement on the correct rate may be
lacking (Andersen and Lomas 1985, Goldacre and Griffin 1983, Roland 1992).
To overcome these limitations and determine whether variations exist in clinical
decision-making, standards must be set against which to compare clinical practice.
Where possible, these should be defined by the results of randomised trials. However,
most interventions in common usage have not been subjected to such rigorous
evaluation. More commonly effectiveness is judged by observational studies, case-
series and personal experience. Consensus methods can be used to synthesise all of the
available evidence into a single set of indications against which to compare clinical
practice.
The Delphi consensus method has been used to derive indications for a number of
surgical procedures (Brook et al. 1988, Gray et al. 1990, Merrick et al. 1987). It has
been demonstrated to be a valid and reliable method (Merrick et al. 1987), and has
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advantages over other consensus methods. Equal weight is given to the opinion of all
participants, and anonymous polling of views prevents one individual influencing the
views of another. Some consensus methods require complete agreement and have
therefore been criticised for producing "bland" recommendations which have already
been implemented (Fink et al. 1984, Rennie 1981). By contrast, the Delphi method
allows for minor degrees of dissension by omitting the most atypical responses before
assessing consensus. The reliability of the Delphi method increases with the size of the
panel (Dalkey 1969) and, since questionnaires can be posted, there are no geographical
constraints on the selection of participants.
Application of this method to chronic critical lower limb ischaemia identified those
clinical scenarios for which there was good agreement on how patients should be
managed. These can be used as the basis of clinical guidelines. Of equal importance
was the identification of those clinical situations where consensus was lacking. Opinion
was divided on the most appropriate management of patients with occluded femoral,
popliteal and proximal tibial arteries, but patent arteries at the ankle or foot level. In
such situations, some surgeons would advocate femorocrural reconstmction, especially
if a suitable vein is available for autologous grafting. However this is a time-consuming
procedure requiring high levels of surgical expertise and vascular laboratory and
radiological input, and it does not find unanimous support (Anon 1992, Skillman
1993). Highlighting such areas of divergent opinion helps to target future studies at
those areas where they are most needed.
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On comparing actual clinical practice with the consensus indications, 55 (14%) of the
operations reviewed did not conform to the agreed indications for surgery. The
discrepancies demonstrated may reflect inappropriate practice, with some patients
being denied beneficial interventions or undergoing unnecessary interventions, thereby
exposing themselves to unnecessary risks. If the results are generalised to all units in
Scotland, over 170 patients each year may be undergoing major amputation despite
arterial reconstruction being more appropriate. Similarly, inappropriate attempts at
limb-salvage may be undertaken in around 60 patients each year.
The results of these studies were used to develop guidelines for Scottish vascular
surgeons on the appropriate selection of patients for major amputation and arterial
reconstruction (Appendix 7). These guidelines have been widely disseminated and
discussed at local meetings and have been endorsed by the Scottish Vascular Audit
Group who wish to repeat the study at a later date to determine whether variations in
practice have since diminished.
190
REFERENCES
Ad Hoc Committee on Reporting Standards (1986). Suggested standards for reports
dealing with lower extremity ischaemia. J Vase Surg, 4: 80-94.
Airedale NHS Trust v Bland (1993). House of Lords manuscript. 17-8.
Albers M, Ayrton MD, Fratezi AC and De Luccia N (1992). Assessment of quality of
life of patients with severe ischaemia as a result of inffainguinal arterial occlusive
disease. J Vase Surg, 16: 54-9.
Andersen TF and Kamper-Jorgensen F (1984). Variation in surgical rates and
organisation of health care. A preliminary comparison of Denmark, Norway and
Massachusetts. Institute of Social Medicine, University of Copenhagen.
Andersen GM and Lomas J (1985). Explaining variations in Caesarian section rates:
patients, facilities or policies? J Can Med Assoc, 132: 253-9.
Andersen TF, Madsen M and Loft A (1987). Regionale variationer i. anvendelsen af
hysterektomi. Ugeskriftfor Lager, 36: 2415-9.
Anderson G (1993). Implementing practice guidelines. Can Med Assoc J, 148: 753-5.
Andros G, Harris RW, Salles-Cunha SX, Dulawa LB, Oblath RW and Apyan RL
(1988). Bypass grafts to the ankle and foot. J Vase Surg, 7: 785-94.
Anon (1977). Hysterectomy and sterilisation: changes of fashion and mind. (Edit) BMJ,
2:715-6.
Anon (1992). Amputation or arterial reconstruction? (Edit) Lancet, 339: 900-1.
Antiplatelet Trialists' Collaboration (1994). Collaborative overview of randomised
trials of antiplatelet therapy -1: Prevention of death, myocardial infarction, and stroke
by prolonged antiplatelet therapy in various categories ofpatients. BMJ, 308: 81-106.
Aristides M (1989). The cost effectiveness ofmodern management ofamputation. MSc
dissertation, University of York.
Armstrong D and Haines A (1992). Developing referral guidelines. In: Roland M,
Coulter A, eds. Hospital referrals. Oxford University Press, Oxford.
Ascer E, Veith FJ, Morin L et al. (1984a). Quantitative assessment of outflow
resistance in lower extremity arterial reconstructions. J Surg Res, 37: 8-15.
191
Ascer E, Veith FJ, Morin L et al. (1984b). Components of outflow resistance and their
correlation with graft patency in lower extremity arterial reconstructions. J Vase Surg,
1: 817-28.
Ascer E, Veith JF, Gupta SK et al. (1985). Six year experience with expanded
polytetrafluoroethylene arterial grafts for limb salvage J Cardiovasc Surg, 26: 468-72.
Ascer E, Collier P, Gupta SK and Veith FJ (1987). Reoperation for
polytetrafluoroethylene bypass failure: The importance of distal outflow site and
operative technique in determining outcome. J Vase Surg, 5: 298-310.
Ascer E, Veith FJ, Gupta SK et al. (1988a). Short vein grafts: a superior option for
arterial reconstructions to poor or compromised outflow tracts? J Vase Surg, 7: 370-8.
Ascer E, Veith JF and Gupta SK. (1988b). Bypasses to plantar arteries and other tibial
branches: An extended approach to limb salvage. J Vase Surg, 8: 434-41.
Auer Al and Hershey FB (1973). Bypass vein grafts to distal tibial or dorsalis pedis
arteries. Case reports. Missouri Medicine, 70: 93-100.
Auer Al, Hurley JJ, Binnington HB, Nunnelee JD and Hershey FB (1983). Distal tibial
vein grafts for limb-salvage. Arch Surg, 118: 597-602.
Auerbach O, Hammon CE and Garkinkel L (1968). Thickening of walls of arterioles
and small arteries in relation to age and smoking habits. NEJM, 278: 980-94.
Avom J, Soumerai SB, Taylor W et al. (1988). Reduction of incorrect antibiotic dosing
through a structured educational order form. Arch Intern Med, 148: 1720-4.
Avom J, Soumerai SB, Eeritt DE et al. (1992). A randomized trial of a program to
reduce the use of psychoactive drugs in nursing homes. NEJM, 327: 168-73.
Baddeley RM and Fulford JC (1965). A trial of conservative amputations for lesions of
the feet in diabetes mellitus. Br JSurg, 52: 38-43.
Baird RJ, Tutassaura H and Miyagishima RT (1970). Saphenous vein bypass graft to
arteries of the ankle and foot. Ann Surg, 172: 1059.
Bandyk K DF, Schmitt DD, Slabrook GR et al. (1989). Monitoring functional patency
of in-situ vein bypasses: the impact of a surveillance protocol and elective revision. J
Vase Surg, 9: 286-96.
Barnes RW, Shanik GD and Slaymaker EE (1976). An index of healing in below-knee
amputation: leg blood pressure by Doppler ultrasound. Surgery, 79: 13-20.
192
Barry MJ, Mulley AG, Fowler FJ and Wennberg JE (1988). Watchful waiting versus
immediate tranurethral resection for sympomatic prostatism: the importance ofpatients'
preferences. JAMA, 259: 3010-7.
Bartlett ST, Olinde AJ and Flinn WR. (1987). The reoperative potential of inffainguinal
bypass: Long-term limb and patient survival. J Vase Surg, 5: 170-9.
Beach KW (1979). The correlation of arteriosclerosis obliterans with lipoproteins in
insulin dependent and non-insulin dependent diabetes. Diabetes, 28: 836-40.
Beach KW, Bedford GR, Bergelin RO et al. (1988). Progression of lower extremity
arterial occlusive disease in type II diabetes mellitus. Diabetes Care, 11: 464-72.
Bearcroft PWP, Small JH and Flower CDR (1994). Chest radiography guidelines for
general practitioners: a practical approach. Clin Radiol, 49: 56-8.
Beard JD and Fairgrieve J (1986). Compliance changes in in-situ femeoropopliteal
bypass vein grafts. Br J Surg, 73: 196-9.
Begg TB and Richards RL (1962). The prognosis of intermittent claudication. Scot
Med J, 7: 341-52.
Belkin M, Conte MS, Donaldson MC, Mannick JA and Whittemore AD (1995). The
impact of gender on the results of arterial bypass with in situ greater saphenous vein.
Am J Surg, 170: 97-102.
Bell PRF, Charlesworth D, DePalma RG et al. (1982). The definition of critical
ischaemia of a limb. Br J Surg, 69 (Suppl): 117-9.
Bell PRF (1985). Are distal vascular procedures worthwhile? Br J Surg, 72: 335.
Bell PRF and Parvin SD (1988). Femoro-distal bypass or primary amputation - can
introperative tests help to decide? In: Greenhalgh RM, Jamieson CW, Nicolaides AN,
eds. Limb salvage and amputation for vascular disease. WB Saunders, London.
Berardi RS and Keonin Y (1978). Amputations in peripheral vascular occlusive
disease. Am J Surg, 135: 231-4.
Bergan JJ, Yao JST, Flinn WR et al. (1982). Prosthetic grafts for the treatment of lower
limb ischaemia: present status. BrJ Surg, 69: S34-7.
Bergan JJ, Veith FJ, Bernhard VM, et al. (1982). Randomisation of autogenous vein
and polytetrafluoroethylene grafts in femoral-distal reconstruction. Surgery, 92: 921-
30.
193
Bernhard VM, Ashmore CS, Evans WE and Rodgers RE (1972). Bypass grafting to
distal arteries for limb-salvage. Surg, Gynaecol and Obstet, 135: 219-24.
Berridge DC, Slack RC, Hopkinson BR and Makin GS (1989). A bacteriological
survey of amputation wound sepsis. JHosp Infect, 13: 167-72.
Bevan G and Ingram R (1987). Variations in admission rates: implications for equitable
allocation of resources. BMJ, 295: 1039-42.
Biland L, Da Silva A, Zemp E et al. (1985). Occlusive peripheral artery disease
(OPAD) Mortality and risk profile. In: Proceedings of 13th International Congress of
Angiology. Athens 9-14 June, 1985.
Bild DE, Selby JV, Sinnock P et al. (1989). Lower extremity amputation in people with
diabetes mellitus. Epidemiology and prevention. Diabetes Care, 12: 24-31.
Bingley PJ and Gale EAM (1989). Rising incidence of IDDM in Europe. Diabetes
Care, 12: 289-95.
Black N (1978). Surgery for glue ear - a study of the determinants of a surgical
epidemic. University ofBirmingham.
Bloor MD (1961). Natural history of arteriosclerosis of the lower extremities. Ann R
Coll Surg, 28: 36-52.
Blumberg MS (1982). Regional differences in hospital use standardised by reported
morbidity. Medical Care, 20 (9): 931-44.
Bolam V Friern Hospital Management Committee (1957). All England Reports, 2:
118-28.
Bothig S, Metelitsa VI, Barth W et al. (1976). Prevalence of ischaemic heart disease,
arterial hypertension and intermittent claudication, and distribution of risk factors
among middle-aged men in Moscow and Berlin. Cor Vasa, 18: 104-18.
Brewster DC, LaSalle AK, Darling RC (1981). Comparison of above-knee and below-
knee anastomosis in femoropopliteal bypass grafts. Arch Surg, 116: 1013-8.
Brewster DC, La Salle AJ, Robison JG, Strayhom EC and Darling RC (1983).
Femoropopliteal graft failure. Clinical consequences and success of secondary
reconstructions. Arch Surg, 118: 1043-7.
Bridgman RF (1979). Hospital utilisation. An international study. Oxford University
Press, Oxford.
194
Brook RH and Williams KN (1976). Effect of medical care review on the use of
injections: a study of the New Mexico Experimental Medical Care Review
Organization. Ann Intern Med, 85: 509-15.
Brook RH, Kosecoff JB, Park RE, Chassin MR, Winslow CM and Hampton JR (1988).
Diagnosis and treatment of coronary disease: comparison of doctors' attitudes in the
USA and the UK. Lancet, ii: 750-3.
Brook RH (1989). Practice guidelines and practising medicine: are they compatible?
JAMA, 262: 3027-30.
Brown BB (1968). Delphi Method: A methodology usedfor the elicitation ofopinion of
experts. Rand Corporation, Los Angeles.
Buda JA, Weber CJ, McAllister FF et al. (1976). Factors influencing patency of
femoropopliteal bypass grafts. Am JSurg, 132: 8-12.
Buekens PT, Boutsen M, Kittel F et al. (1993). Does awareness of rates of obstetric
interventions change practice? BMJ, 306: 623.
Bunker JP (1970). Surgical manpower: a comparison of operations and surgeons in the
United States and in England and Wales. NEJM, 282 (3): 135-44.
Bunker JP and Wennberg JE (1973). Operation rates, mortality statistics and the quality
of life. NEJM, 285: 1249-50.
Bunt TJ, Manship LL, Bynoe PH and Haynes JL (1984). Lower extremity amputation
for peripheral vascular disease. A low risk operation. Am J Surg, 50: 581-4.
Burgess EM, Romano RL, Zettl JH and Schrock RD Jr (1971). Amputations of the leg
for peripheral vascular insufficiency. JBone Joint Surg (Am), 53: 874-90.
Burgess EM and Marsden W (1974). Major lower extremity amputations following
arterial reconstruction. Arch Surg, 108: 655-60.
Burgess EM, Matsen FA, Wyss GR and Simmons CW (1982). Segmental
transcutaneous measurements of P02 in patients requiring below-knee amputation for
peripheral vascular insufficiency. J Bone Joint Surg, 64A: 378-82.
Burnham SG, Flanigan DP, Goodreau JJ, Yao JST and Bergan JJ (1978). Non-vein
bypass in below-knee reoperation for lower limb ischemia. Surgery, 84: 417-24.
California Health Facilities Commission (1985). Variations in hospitalisation rates in
California (CHFC Report IV-85-9). California Health Facilities Commission,
Sacramento.
195
Cameron HC, Lennard-Jones JE and Robinson Mr (1964). Amputations in the
diabetic. Outcome and survival. Lancet, ii: 605-7.
Campbell WB and Thornberry D (1988). Historical aspects of amputation and the
development of lower limb prostheses. In: Greenhalgh RM, Jamieson CW, Nicolaides
AN, eds. Limb salvage and amputation for vascular disease. WB Saunders, London.
Celsus C (1938). De Medicina. 1-11. Heinemann, London.
Chalmers I (1985). Trends and variations in the use of Caesarian section. In: Clinch J,
Matthews T, eds. Perinatal medicine. MTP Press, Lancaster.
Chalmers I (1993). Underuse of antenatal corticosteroids and future litigation. Lancet,
341: 699.
Chalmers I (1994). Why are opinions about the effects of health care so often wrong?
Medico-legal Journal, 62:116-30.
Charlesworth D, Harris PL, Cave FD et al. (1975). Undetected aorto-iliac insufficiency:
a reason for early failure of saphenous vein bypass grafts for obstruction of the
superficial femoral artery. Br J Surg, 62: 567-70.
Charlesworth D, Brewster DC, Darling RC et al. (1985). The fate of
polytetrafluoroethylene grafts in lower limb surgery: a six year follow up. Br J Surg,
72: 896-99.
Charlton JRH, Patrick DL, Matthews G et al. (1981). Spending priorities in Kent: a
Delphi study. JEpidemiol Comm Health, 35: 288-92.
Chassin MR, Brook RH, Part RE et al. (1986a). Variations in the use of medical and
surgical services by the Medicaid population. NEJM, 314: 285-90.
Chassin MR, Kosecoff J, Park RE, et al. (1986b). Indications for selected medical and
surgical procedures - a literature review and ratings of appropriateness: Coronary
angiography. Rand Corporation, Santa Monica.
Chassin MR, Park RE, Fink A et al. (1986c). Indications for selected medical and
surgical procedures - a literature review and ratings of appropriateness: Coronary
Artery Bypass Graft Surgery. Rand Corporation, Santa Monica.
Cheney C and Ramsdell JW (1987). Effect of medical records' checklists on
implementation ofperiodic health measures. Am JMed, 83: 129-36.
Cheshire NJ, Wolfe JH, Noone L and Drummond M (1992). The economics of
femorocrural reconstruction for critical leg ischaemia with and without autologous
vein. J Vase Surg, 15: 167-74.
196
Chilvers AS, Briggs J, Browse NL and Kinmonth JB (1971). Below and through-knee
amputations in ischaemic disease. Br J Surg, 58: 824-6.
Christensen S (1976). Lower extremity amputations in the county of Aalborg 1961-
1971. Population study and follow up. Acta Orthop Scand, 47: 329-34.
Clark A and Friedman MJ (1982). The relative importance of treament outcomes: A
Delphi group weighting in mental health. Eval Rev, 6: 79-93.
Clark MC and Kinney ED (1994). The potential role of diabetes guidelines in the
reduction of medical injury and malpractice claims involving diabetics. Diabetes Care,
17: 155-9.
Clarke v Adams 1950 (1989). In: Kennedy I, Grubb A, eds. Medical law text and
material Butterworths, London.
Clinical Resource and Audit Group (1993). Clinical guidelines. Scottish Office Home
and Health Department, Edinburgh.
Cochrane AL (1973). Effectiveness and efficiency: random reflections on health
services. Nuffield Provincial Hospitals Trust, London.
Coddington T (1988). Why are legs amputated in Britain? In: Greenhalgh RM,
Jamieson CW, Nicolaides AN, eds. Limb salvage and amputation for vascular disease.
WB Saunders, London.
Cohen SI, Goldman LD, Salzman EW and Glotzer DJ (1974). The deleterious effect of
immediate postoperative prosthesis in below-knee amputation prosthesis in below-knee
amputation for ischemic disease. Surgery, 76: 992-1001.
Cohen SJ, Weinberger M, Hill SL et al. (1985). The impact of reading on physicians'
non-adherence to recommended standards of medical care. Soc Sci Med, 21: 909-14.
Collin J (1992). Avoiding amputation BMJ, 304: 856-7.
Collin C, Wade DT and Cochrane GM (1992). Functional outcome of lower limb
amputees with peripheral vascular disease. Clin Rehab, 6: 13-21.
Conroy M and Shannon W (1995). Clinical guidelines: their implementation in general
practice. Br J Gen Pract 45: 371-5.
Consumers' Association (1990). Implementing a local prescribing policy. Drug Ther
Bull, 28: 93-5.
197
Copeland GP, Jones D and Walters M (1991). POSSUM: a scoring system for surgical
audit. Br J Surg, 78: 356-60.
Corcoran PJ, Reyes RL and Gonzalez EG (1971/ Energy cost of ambulation in
bilateral leg amputees. Scientific Session VIII, 48th Annual Session, November 10,
Am Cong Rehabil Med, San Juan, Puerto Rico.
Corson JD, Karmody AM, Shah DM et al. (1984). In-situ vein bypasses to distal tibial
and limited outflow tracts for limb-salvage. Surgery, 94: 756-63.
Cotton LT (1984). Arterial surgery. In: Taylor S, Chisholm G, O'Higgins N, eds.
Surgical Management. Heinemann, London.
Couch NP, Wheeler HB, Hyatt DF et al. (1967). Factors influencing limb survival after
femoropopliteal reconstruction. Arch Surg, 95: 163- 9.
Couch NP, David JK, Tilney NL et al. (1977). Natural history of the leg amputee. Am J
Surg, 133: 469-73.
Coulter A, McPherson K and Vessey MP (1988). Do British women undergo too many
or too few hysterectomies? Soc Sci Med, 27 (9): 987-94.
Cowan JA, Heckerling PS and Parker JB (1992). Effect of a fact sheet reminder on
performance of the periodic health examination: A randomized controlled trial. Am J
Prev Med, 8: 104-9.
Cranley JJ, Krause RJ and Strasser ES (1959). Limb salvage with and without
definitive surgical treatment in obliterative arterial disease. Surgery, 45: 613-5.
Cranley JJ, Krause RJ, Strasser ES and Hafner CD (1969). Below the knee amputation
for arteriosclerosis obliterans. Arch Surg, 98: 77-80.
Cranley v Medical Board of Western Australia (1992). Medical Law Reports, 3: 94-
113.
Crawford v Board of Governors of Charing Cross Hospital (1953). In: Mason J,
McCall Smith R, eds. Law and medical ethics. Butterworths, London.
Crawford ES, Bomberger RA, Glaeser DH, Saleh SA and Russell WL (1981).
Aortoiliac occlusive disease: Factors influencing survival and function following
reconstructive operation over a twenty-five year period. Surgery, 90: 1055-67.
Creasy TS, McMillan PJ, Fletcher EWL, Collin J and Morris PJ (1990). Is
percutaneous transluminal angioplasty better than exercise for claudication?
Preliminary results from a prospective randomised trial. Eur J Vase Surg, 4: 135-40.
198
Criqui MH, Fronek A, Barrett-Connor E et al (1985a). The prevalence of peripheral
arterial disease in a defined population. Circulation, 71, 510-5.
Criqui MH, Coughlin SS and Fronek A (1985b). Noninvasively diagnosed peripheral
arterial disease as a predictor of mortality - results from a prospective study.
Circulation, 71: 1724-8.
Crombie DL and Fleming DM (1988). General practitioner referral to hospital: the
financial implications of variability. Health Trends, 20: 53-6.
Cronenwett JL, Warner KG, Zelenock GB et al. (1984). Intermittent claudication. Arch
Surg, 119: 430-6.
Crosby FE, Ventura MR, Frainier MA and Yow-Wu B (1993). Well-being and
concerns of patients with peripheral arterial occlusive disease. J Vase Nurs, 11: 5-11.
Cruse J and Foord RA (1973). A five year prospective study of 23,649 surgical
wounds. Arch Surg, 107: 206-10.
Cullis JG, Forster DP and Frost CEB (1981). Met and unmet demand for hospital beds:
some recent evidence. Revue D'Epidemiologie et de Sante Publique, 29 (2): 155-66.
Cummins RO, Jarman B and White PM (1981). Do general practitioners have different
"referral thresholds"? BMJ, 282: 1037-9.
Cutler BS, Thompson JE, Kleinasser LJ et al. (1976). Autologous saphenous vein
femoropopliteal bypass: Analysis of 298 cases. Surgery, 79: 325-31.
D'Agostino RB, Kannel WB, Belanger AJ et al. (1989). Trends in CHD and risk factors
at age 55-64 in the Framingham study. Int JEpidemiol, 18 (Suppl): 67-72.
Dale WA and Jacobs JK (1962). Lower extremity amputations. Ann Surg, 155: 1011-4.
Dale WA (1965). Indications for reconstruction of small arteries. Geriatrics, 20: 312-
25.
Dalkey NC (1967). Delphi, P-3704. Rand Corporation, Santa Monica.
Dalkey NC (1969). The Delphi Method: an experimental study of group opinion
(Memorandum RM-5888-PR). Rand Corporation, Santa Monica.
Dalsing MC, White JV, Yao JST, Podrazit R, Flinn WR and Bergan JJ (1985).
Inffapopliteal bypass for established gangrene of the forefoot or toes. J Vase Surg, 2:
669-77.
Danish Amputation Register (1989). Herlev Hospital, Copenhagen
199
Dardik H, Kahn M, Dardik I, Sussman B and Ibrahim IM (1982). Influence of failed
vascular bypass procedures on conversion of below-knee to above-knee amputation
levels. Surgery, 91: 64-9.
Darling RC, Linton RR and Razzuk MA (1967). Saphenous vein bypass grafts for
femopopliteal occlusive disease: a reappraisal. Surgery, 61: 31-40.
da Silva A, Widmer LK, Ziegler HW et al. (1979). The Basle longitudinal study: report
on the relation of inital glucose level to baseline ECG abnormalities, peripheral artery
disease, and subsequent mortality. J Chron Dis, 32: 797-803.
daSilva A, Holdsworth J and Harris PL (1994). Critical limb ischaemia in the over
80's. Proceedings of the Vascular Surgical Society of Great Britain and Ireland.
Edinburgh.
Davey-Smith G, Shipley MJ and Rose G (1990). Intermittent claudication, heart
disease risk factors and mortality: the Whitehall Study. Circulation, 82: 1926-31.
Davies HT and Crombie IK (1995). Assessing the quality of clinical care. Measuring
well supported processes may be more enlightening than monitoring outcomes. BMJ,
311: 766.
Davies L, Noone M, Drummond M, Cheshire N and Wolfe J (1989). Technology
assessment in the development of guidelines for vascularising the ischaemic leg
(Discussion paper 89). Centre for health economics, University ofYork.
Davis WC, Blanchard RS and Jackson RC (1967). Rehabilitation of the geriatric
amputee: a plea for moderation. Arch Phys Med Rehabil, 48: 31.
Davis RC, Davies WT and Mannick JA (1975). Bypass vein grafts in patients with
distal popliteal artery occlusion. Am J Surg, 129: 421-5.
De Vos Meiring P and Wells IP (1990). The effect of radiology guidelines for general
practitioners in Plymouth. Clin Radiol, 42: 327-9.
Dean RH, Yao JST, Thompson RG and Bergan JJ (1975). Predictive value of
ultasonically derived arterial pressure in determination of ampuation level. Am Surg,
41: 731-7.
DeLaurentis DA and Friedman P (1971). Arterial reconstruction above and below the
knee. Another look. Am J Surg, 121: 392.
Department of Health and Social Security, Statistics and Research Division (1986).
Amputation Statistics for England, Wales and Northern Ireland, 1976-1986. HMSO,
London.
200
Department of Health and Social Security, Statistics and Research Division (1989).
Amputation Statistics for England, Wales and Northern Ireland, 1986-9. HMSO,
London.
DeWeese JA and Rob CG (1977). Autogenous venous grafts ten years later. Surgery,
82: 775-84.
Dixon N (1991). Medical auditprimer. Healthcare Quality Quest, Hampshire.
Domenightetti G, Luraschi P, Casabianca A, Pedrinis E, Spinelli A and Gutzwiller F
(1986). Reducing hysterectomies: the mass media. Conference on regional variations,
Copenhagen.
Dormandy JA and Mahir MS (1986). The natural history of peripheral atheromatous
disease of legs. In: Greenhalgh RM, Jamieson CW, Nicolaides AN, eds. Vascular
surgery - issues in currentpractice. Grune and Stratton, London.
Dormandy JA and Thomas PRS (1988). What is the natural history of a critically
ischaemic patient with and without his leg? In: Greenhalgh RM, Jamieson CW,
Nicolaides AN, eds. Limb salvage and amputation for vascular disease. WB Saunders,
Philadelphia, pp. 11-26.
Dormandy J, Mahir M, Ascady G et al. (1989). Fate of the patient with chronic leg
ischaemia. J Cardiovasc Surg, 30: 50-7.
Dormandy JA and Murray GD (1991). The fate of the claudicant - a prospective study
of 1969 claudicants. Eur J Vase Surg, 5: 131-3.
Dormandy JA (1991). Factors affecting clinical progression and mortaltiy. In: Fowkes
FGR, ed. Epidemiology ofperipheral vascular disease. Springer Verlag, London, pp
326-31.
Dormandy J, Belcher G, Broos P, Eikelboom B, Laszlo G, Konrad P, Moggi L and
Mueller U (1994). Prospective study of 713 below-knee amputations for ischaemia and
the effect of a prostacyclin analogue on healing. Hawaii Study Group. Br J Surg, 81:
33-7.
Dotter CT and Judkins MP (1964). Transluminal treatment of arteriosclerotic
obstruction. Description of a new technique and a preliminary report of its applications.
Circulation, 30: 654-70.
Dowd GSE (1986). Predicting stump healing following amputation for peripheral
vascular disease using the transcutaneous oxygen monitor. Ann R Coll Surg, 68: 31-4.
Durand-Zaleski I, Bonnet F, Rochant et al. (1992). Usefulness of consensus
conference: the case of albumin. Lancet, 340: 1388-90.
201
Dyke FJ, Murphy FA, Murphy JK et al. (1977). Effect of surveillance on the number of
hysterectomies in the province of Saskatchewan. NEJM, 296 (23): 1326-29.
Early v Newham Health Authority (1994). Medical Law Reports, 5: 215-7.
Ecker ML and Jacobs BS (1970). Lower extremity amputation in diabetic patients.
Diabetes, 19: 195-8.
Eckstein HH, Schumacher H, Maeder N, Post S, Hupp T and Auenberg JR (1996).
Pedal bypass for limb-threatening ischaemia: an eleven year review. Br J Surg, 83:
1554-7.
Edwards WS, Gerety E, Larkin J and Hoyt TW (1976). Multiple sequential femoral
tibial grafting for severe ischemia. Surgery, 80: 722-8.
Edwards D (1992). The Maine 5-year medical demonstration project. In: Field MJ,
Lohr KN, eds. Guidelinesfor clinicalpractice. National Academy Press, Washington.
Eickhoff JH, Buchardt Hansen HJ and Lorentzen JE (1980). The effect of arterial
reconstruction on lower limb amputation rate. Acta Chir Scand, 502: 181-7.
Ellitsgaard N, Andersson AP, Fabrin J and Holstein P (1990). Outcome in 282 lower
extremity ampuations. Knee salvage and survival. Acta Orthop Scand, 61: 140-2.
Ellwood PM (1988). Outcomes management: a technology of patient experience.
NEJM, 318: 1549-56.
Emslie CJ, Grimshaw J and Templeton A (1993). Do clinical guidelines improve
general practice management of infertile couples? Br Med J, 306: 1728-31.
Eneroth M and Persson BM (1992). Amputation for occlusive arterial disease. A
prospective multicentre study of 177 amputees. Int Orthop, 16: 383-7.
Epstein AM (1991). Changing physician behaviour: increasing challenges for the 1990s
(edit). Arch Intern Med, 151: 2147-9.
Erdman WJ, Hettinger T and Saez F (1960). Comparative work stress for above-knee
amputees using artificial legs or crutches. Am JPhys Med, 39: 225.
Ernst E, Hammerschmidt DE, Bagge U et al. (1987). Leukocytes and the risk of
ischaemic diseases. JAMA, 257: 2318-24.
Ernst CB, Rutkow IM, Cleveland RJ, Folse JR, Johnson G Jr and Stanley JC (1987).
Vascular surgery in the United States: report of the Joint Society for Vascular Surgery -
202
International Society for Cardiovascular Surgery Committee on Vascular Surgical
Manpower. J Vase Surg, 6: 611-21.
European Working Group on Critical Leg Ischaemia (1989). European consensus on
critical limb ischaemia. Lancet, i: 737-38.
European Working Group on Critical Leg Ischaemia (1991). Second European
Consensus Document on Chronic Critical Leg Ischaemia. Circulation, 84 (Suppl): IV1-
IV26.
Evans RG (1974). Supplier-induced demand: some empirical evidence and
implications. In: Perlman M, ed. The economics of health and medical care.
Macmillan, London.
Evans RG (1990). The dog in the night time: medical practice variations and health
policy. In: The challenges of medical practice variations. Anderson TF, Mooney G,
eds. MacMillan, London-
Evans WE, Hayes JP and Vermilion BD (1990). Effect of a failed distal reconstruction
on the level of amputation. Am J Surg, 160: 217-20.
Fearon S (1992). A stitch in time saves nine. Merrett Health Risk Management,
Lodnon.
Fibrinolytic Therapy Trialists' Collaborative Group (1994). Indications for fibrinolytic
therapy in suspected myocardial infarction: collaborative overview of early mortality
and major morbidity results from all randomised trials of more than 1000 paitents.
Lancet, 343: 311-22.
Field M, Lohr K, eds. (1990). Clinical practice guidelines: directions for a new
program. National Academy Press, Washington.
Finch DRA, MacDoubal M, Tibbs DH and Morris PJ (1980). Amputation for vascular
disease: the experience of a peripheral vascular unit. Br J Surg, 67: 233-7.
Fink A, Kosecoff J, Chassin MR and Brook RH (1984). Consensus methods:
Characteristics and guidelines for use. Am J Public Health, 74: 979-83.
Fitzpatrick T (1965). Utilization review and control mechanisms: from the Blue Cross
perspective. Inquiry, 2: 16-29.
Flinn WR, Flanigan DP, Verta MJ et al. (1980). Sequential femoral-tibial bypass for
severe limb ischemia. Surgery, 88: 357.
203
Fogle MA, Whittemore AD, Couch NP and Mannick JA (1987). A comparison of in-
situ and reversed saphenous vein grafts for infrainguinal reconstruction. J Vase Surg, 5:
46-52.
Forsyth G and Logan RFL (1968). Gateway or dividing line? A study ofhospital out¬
patients in the 1960's. Oxford University Press, Oxford.
Foster RP and Yonke BP (1971). Extremity salvage: vein bypass to the ankle level and
beyond. Vase Surg, 5: 12-20.
Fowkes FGR (1982). Medical Audit Cycle. Med Educ, 16: 228-38.
Fowkes FGR, Davies ER, Evans KT et al. (1986). Multicentre trial of four strategies to
reduce use of a radiological test. Lancet, i: 367-70.
Fowkes FGR (1988). Epidemiology of atherosclerotic arterial disease in the lower
limbs. Eur J Vase Surg, 2: 283-91.
Fowkes FGR (1990). Peripheral vascular disease: a public health perspective. J Public
Health Med, 12: 152-9.
Fowkes FGR, Housley E, Cawood EFIH, Macintyre CCA, Ruckley CV and Prescott RJ
(1991). Edinburgh Artery Study: Prevalence of asymptomatic and symptomatic
peripheral arterial disease in the general population. Int JEpidemiol, 20: 384-92.
Fowkes FGR, Housley E, Riemersma RA et al. (1992). Smoking, lipids, glucose
intolerance and blood pressure as risk factors for peripheral atherosclerosis compared to
ischaemic heart disease in the Edinburgh Artery Study. Am JEpidemiol, 135: 331-40.
Froggatt D and Mawby RI (1981). Surviving an amputation. Soc Sci Med, 15E: 123-8.
Garrett HE, Kotch DI, Green MT Jr. et al. (1968). Distal tibial artery bypass with
autogenous vein graft: an analysis of 56 cases. Surgery, 62: 90.
Gertman MD, Stackpole DA, Levenson DK et al. (1980). Second opinions for elective
surgery: the mandatory Medicaid programme in Massachusetts. NEJM, 302: 1169.
Ghali WA, Ash AS, Hall RE and Moskowitz MA (1997). Statewide quality
impovement initiatives and mortality after cardiac surgery. JAMA, 277: 379-82.
Gilliland EL, Llewellyn CD, Goss DE and Lewis JD (1986). The morbidity and
mortality ofstable claudicants - results offive year follow-up. Proceedings of the 2nd
International Vascular Symposium, London.
Gittelsohn A and Wennberg JE (1976). On the risk of organ loss. J Chron Dis, 29: 527-
35.
204
Goldacre M and Griffin K (1983/ Performance Indicators: A commentary on the
literature. Unit of Clinical Epidemiology, University of Oxford.
Goldman M, Hall C, Dykes J et al. (1983). Does indium-platelet deposition predict
patency in prosthetic arterial grafts. Br J Surg, 70: 635-8.
Goldner MG (1960). The fate of the second leg in the diabetic amputee. Diabetes, 9:
100-3.
Gonzalez EG, Concoran PJ and Reyes RL (1974). Energy expenditure in below-knee
amputees: Correlation with stump length. Arch Phys Med Rehabil, 55: 111.
Goodale F and Gander GW (1976). The future of pathology: a Delphi study by
pathology department chairmen. J Med Educ, 51: 897-903.
Goodson WH and Hunt TK (1977). Studies on wound healing in experimental diabetes
mellitus. J Surg Res, 22: 221-7.
Gough IR, Furnival CM, Schilder L et al. (1983). Assessment of the quality of life of
patients with advanced cancer. Eur J Cancer Clin Oncol, 19: 1161.
Graboys TB, Haedley A, Lowan B, Lampert S and Blatt CM (1987). Results of a
second-opinion programme for coronary artery bypass graft surgery. JAMA, 258 (12):
1611-4.
Gray D, Hampton, Bernstein SJ, Kosecoff J and Brook RH (1990). Audit of coronary
angiography and bypass surgery. Lancet, 335: 1317-20.
Green J, Wintfeld N, Sharkey P and Passman LJ (1990). The importance of severity of
illness in hospital mortality. JAMA, 263: 241-6.
Green J and Wintfeld N (1995). Report cards on cardiac surgeons assessing New York
State's approach. NEJM, 332, 1229-32.
Greenhalgh RM, Lewis B, Rosengarten DS et al. (1971). Serum lipids and lipoproteins
in peripheral vascular disease Lancet, ii: 947-50.
Gregg RO (1985). Bypass or amputation? Concomitant review of bypass arterial
grafting and major amputations. Am JSurg, 149: 397-402.
Gregory-Dean A (1991). Amputations statistics and trends. Ann R Coll Surg Engl, 73:
137-42.
Grimshaw JM and Russell IT (1993a). Achieving health gain through clinical
guidelines. I: developing scientifically valid guidelines. Qual Health Care, 2: 243-8.
205
Grimshaw JM and Russell IT (1993b). Effects of clinical guidelines in medical
practice: a systematic review of rigorous evaluations. Lancet, 342: 1317-22.
Grimshaw JM and Russell IT (1994). Achieving health gain through clinical
guidelines. II: ensuring guidelines change medical practice. Qual Health Care, 3: 45-
52.
Grol R (1990a). National standard setting for quality of care in general practice:
attitudes of general practitioners and responses to a set of standards. Br J Gen Pract,
40:361-4.
Grol R (1990b). Quality assurance: approaches to standard setting, assessment and
change. Atencion Primari, 7: 737-41.
Grol R (1992). Implementing guidelines in general practice care. Qual Health Care, 1:
184-91.
Gruer R, Gordon RS, Gunn AA and Ruckley CV (1986). Audit of surgical audit.
Lancet, i: 23-5.
Gruntzig AR and Hopff H (1974). Perkutane Rekanalisation chronischer arterieller
Versclusse mit einem Dilatations-Katheter. Dtsch Med Wochenschr, 99: 2502-10.
Gupta SK and Veith FJ (1988). Is arterial reconstruction cost-effective compared with
amputation? In: Greenhalgh RM, Jamieson CW, Nicolaides AN. (edsj Limb salvage
and amputation for vascular disease. WB Saunders, London.
Gustafson DH, Delbecq A, Hansen M et al. (1975). Design of a health policy and
research system for Wisconsin. Inquiry, 12: 251-62.
Gutman M, Kaplan O, Skornick Y et al. (1987). Gangrene of the lower limbs in
diabetic patients: a malignant complication. Am J Surg, 154: 305-8.
Gutteridge W (1993). An evaluation ofthe impact ofperipheral arterial bypass surgery
and angioplasty in a district health authority. MFPHM dissertation, West Berkshire
Health Authority.
Gyntelberg F (1973). Physical fitness and coronary heart disease: male residents in
Copenhagen aged 40-59. Dan Med Bull, 20: 40-59.
Haines A, Hurwitz B, eds. (1992). Clinical guidelines, report of a local initiative.
(Occasional Paper 58). Royal College of General Practitioners, London.
Haines A and Jones R (1994). Implementing findings of research. BMJ 308: 1488-92.
206
Hale WE, Marks BG, May RE et al. (1988). Epidemiology of intermittent claudication.
Evaluation of risk factors. Age Ageing, 17: 57-60.
Ham RO, Thornberry DJ, Regan JF and Butler CM (1985). Rehabilitation of the
vascular amputee - one method evaluated. Br J Surg, 74: 930-1.
Ham C (1988). Geographical variations in the use of health services: a review of the
literature. In: Ham C, ed. Health care variations: assessing the evidence. King's Fund
Institute, London.
Hamer JD, Ashton F and Meynell MJ (1974). Factors influencing prognosis in the
surgery ofperipheral arterial disease. Br J Surg, 51: 981-6.
Hannan EL, Kilburn H, O'Donnell JF, Lukacik G and Shields EP (1990). An analysis
of risk factors and hospital mortality rates. JAMA, 264: 2768-74.
Hannan EL, Kilburn H, Racz M, Sheilds E and Chassin MR (1994). Improving the
outcomes of coronary artery bypass surgery in New York State. JAMA, 271: 761-6.
Hansson J (1964). The leg amputee. A clinical follow-up study. Acta Orthop Scand, 69
(Suppl): 1-104.
Harris PL, Read F, Eardley A et al. (1974). The fate of elderly amputees. Br J Surg, 61:
665-8.
Harris PL, Harvey DR and Bliss BP (1978). The importance of plasma lipids, glucose,
insulin and fibrinogen in femoropopliteal surgery. Br JSurg, 65: 197-9.
Harrison JD, Southworth S arid Callum KG (1987). Experience with the "skew flap"
below-knee amputation. Br J Surg, 74: 930-31.
Hastings OM, Jain KM, Hobson RW and Swan KG (1978). A prospective randomised
study of three expanded polytetrafluorethylene (PTFE) grafts as small arterial
substitutes. Ann Surg, 188: 743-7.
Haynes IG and Middleton MD (1981). Amputation for peripheral vascular disease:
experience of a district general hospital. Ann R Coll, 63: 342-4.
Hayward RSA and Laupacis A (1993). Initiating, conducting and maintaining guideline
development programs. Can Med Assoc J148: 507-12.
Helmer D (1966). Social Technology. Basic Books, New York.
Herrmann LG and Gibbs EW (1945). Phantom limb pain; its relation to treatment of
large nerves at time of amputation. Am J Surg, 67: 168-71.
207
Hertzer NR (1981). Fatal myocardial infarction following lower extremity
revascularisation. Two hundred seventy-three patients followed six to eleven
postoperative years. Ann Surg, 193: 492-8.
Hertzer NR (1991). The natural history of peripheral vascular disease. Implications for
its management. Circulation, 83 (Suppl): 12-19.
Hicks NR (1994). Some observations on attempts to measure appropriateness of care.
BMJ, 309: 730-3.
Hierton J and James U (1973). Lower extremity amputation in Uppsala county 1947-
69. Incidence and prosthetic rehabilitation. Acta Orthop Scand, 44: 573-83.
Higgins MW and Kjelsberg M (1967). Characteristics of smokers and non-smokers in
Tecumseh, Michigan. Am JEpidemiol, 86: 60-77.
Hill RB and Goodale F (1981). The Delphi predictions of pathology chairman: a year
retrospective review. JMed Educ, 56: 537-46.
Hines EA and Barker NW (1940). Arteriosclerosis Obliterans. Am JMed Sci, 200: 717-
30.
Hoar CS and Torres J (1962). Evaluation of below-the-knee amputation in the
treatment of diabetic gangrene. NEJM, 266: 440-3.
Hobson RW, O'Donnell JA, Jamil Z and Mehta K (1980). Below-knee bypass for limb
salvage. Comparison of autogenous saphenous vein, polytetrafluoroethylene, and
composite Dacron-autogenous vein grafts. Arch Surg, 115: 833-7.
Hobson RW, Lynch TG, Jamil Z et al. (1985). Results of revascularisation and
amputation in severe lower extremity ischemia: A five-year clinical experience. J Vase
Surg, 2: 174-85.
Hoffman MD, Sheldahl LM, Buley KJ and Sandford PR (1997). Physiological
comparison ofwalking among bilateral above-knee amputees and able-bodied subjects:
a model to account for the differences in metabolic cost. Arch Phys Med Rehabil 78:
385-92.
Holdsworth J, da Silva AE and Harris PL (1993). Survey of clinical outcome from the
management of critical limb ischaemia in Great Britain and Ireland. In: Proceedings of
the Vascular Surgical Society ofGreat Britain and Northern Ireland. Manchester.
Holstein E (1985). Skin perfusion pressure measured by radioisotope washout for
predicting wound healing in lower limb amputation for arterial occlusive disease. Acta
Orthop Scand, 56 (Suppl): 1-47.
208
Horrocks M (1994). Prospective study of 12 months outcome after distal bypass
surgery. In: Proceedings ofthe Vascular Surgical Society ofGreat Britain and Ireland.
Edinburgh.
Houghton A, Allen A, Luff R and McColl I (1989). Rehabilitation after lower limb
amputation: a comparative study of above-knee, through-knee and Gritti-Stokes
amputations. Br JSurg, 76: 622-4.
Houghton AD, Taylor PR, Thurlow S, Rootes E and McColl I (1992). Success rates for
rehabilitation of vascular amputees: implications for preoperative assessment and
amputation level. Br J Surg, 79: 753-5.
Howard M and Crane P (1982). Phipson on evidence. Sweet and Maxwell, London.
Hughson WG, Mann JI, Tibbs DJ, Woods HF and Walton I (1978). Intermittent
claudication: factors determining outcome. BMJ, 1: 1377-79.
Hughson WG, Mann JI and Garrod A (1978). Intermittent claudication: prevalence and
risk factors. BMJ, 1: 1379-81.
Humphreys WV, Evans F, Watkin G and Williams T (1995). Critical limb ischaemia in
patients over eighty years of age: options in a district general hospital.. Br J Surg, 82:
1361-3.
Hunt SM, McEwen J and Backett EM (1982). Subjective health of patients with
peripheral vascular disease. Practitioner, 226: 133-6.
Hunter DJ, McKee CM, Black NA and Sanderson CF (1995). Health care sought and
received by men with urinary symptoms, and their views on prostatectomy. Br J Gen
Pract, 45: 27-30.
Hunter v Hanley 1955 SC 200 (1989). In: Kennedy I, Grubb A, eds. Medical law, text
and materials. Butterworths, London. 420: 407.
Hurwitz B (1994). Clinical guidelines: proliferation and medicolegal significance. Qual
Health Care, 3: 37-44.
Hurwitz B (1995). Clinical guidelines and the law. What is the legal status of
guidelines? BMJ, 311: 1517-8.
Huston CC, Brack A, Bivens A et al. (1980). Morbid implications of above-knee
amputations. Arch Surg, 115: 165.
Hymans AL, Brandenburg JA, Lipsitz SR, Shapiro DW and Brennan TA (1995).
Practice guidelines and malpractice litigation: a two-way street. Ann Intern Med, 122:
450-5.
209
Imparato AM, Bracco A, Kim GE and Zeff R (1972). Intimal and neo-intimal fibrous
proliferation causing failure of arterial reconstructions. Surgery, 73: 1007-17.
Imparato AM, Kim GE, Niadoyag M and Haveson S (1973). Angiographic criteria for
successful tibial arterial reconstructions. Surgery, 74: 830-8.
Imparato AM, Kim GE, Madayag M et al. (1974). The results of tibial artery
reconstruction procedures. Surg Gynecol Obstet, 138: 33-8.
Imparato AM, Kim GE, Davidson T and Crowley JG (1975). Intermittent claudication:
its natural course. Surgery, 78: 795-9.
Imparato AM and Riles TS (1984). Peripheral arterial disease. In: Schqartz SI, ed.
Principles ofSurgery. McGraw-Hill, New York.
Imray C, Parberry A, Hardman J, South D and Downing R (1994). The impact of
increased rates of arterial reconstruction on major lower limb amputation rates. In:
Proceedings of the Vascular Surgical Society ofGreat Britain and Ireland. Edinburgh.
Iowa Foundation (1985). Small area varations in Iowa: A study of medical practice
variations for peer review organisation. Iowa Foundation for Medical Care, Des
Moines, Iowa.
Isacsson S (1972). Venous occlusion plethysmography in 55-year old men: a
population study in Malmo, Sweden. Acta Med Scand, 537 (Suppl): 1-62.
ISIS-1 (First International Study of Infarct Survival) Collaborative Group (1986).
Randomised trial of intravenous atenolol among 16 027 cases of suspected acute
myocardial infarction: ISIS-1. Lancet, ii: 57-65.
Jacobson UK, Dige-Pedersen H, Gyntelberg F et al. (1984). "Risk factors" and
manifestations of arteriosclerosis in patients with intermittent claudication compared to
normal persons. Dan Med Bull, 31: 145-8.
Jamieson MB and Ruckley CV (1983). Amputation for peripheral vascular disease in a
general surgical unit. JR Coll Surg (Edin), 28: 46-50.
Janzon L (1974). The effect of smoking and smoking cessation on peripheral
circulation and fibrinolysis. A population study in 59 year old men. Acta Chir Scand,
451 (Suppl): 1-45.
Jarrett RJ, Keen H and Chakrabarti R (1982). Diabetes, hyperglycaemia and arterial
disease. In: Keen H, Jarrett RJ, eds. Complications of diabetes. Edward Arnold Ltd,
London, pp 180-2.
210
Jeans WD, Danton RM, Baird RN and Horrocks M (1986). The effects of introducing
balloon dilatation into vascular surgical practice. Br JRadiol, 59: 457-9.
Jelnes A, Gaardsting O, Hougaard Jensen K et al. (1986). Fate in intermittent
claudication: outcome and risk factors. BMJ, 293: 1137-40.
Jenkins D (1991). Investigations: how to get from guidelines to protocols (edit) BMJ,
303: 323-4.
Jennett B (1988a). Variations in surgical practice: welcome diversity or disturbing
differences. Br J Surg, 75: 630-1.
Jennett EG (1988b). Equity of access? Small area variations in surgery. Comm Med, 10
(1): 1-7-
Joensson B and Silverberg R (1982). Variations between and within countries in
hospital care for peptic ulcer. A comparison between Denmark and Sweden. Scand J
SocMed, 10 (2): 63-70.
Johnson WC, LoGerfo FW, Vollman RW et al. (1977). Is axillo-bilateral femoral graft
an effective substitute for aortic-bilateral iliac/femoral graft? Ann Surg, 186: 123-9.
Johnston W, Rae M, Hogg-Johnston SA et al. (1987). Five-year results of a prospective
study ofpercutaneous transluminal angioplasty. Ann Surg, October 19: 403-12.
Johnston ME, Langton KB, Haynes RB et al. (1994). Effects of computer-based
clinical decision support systems on clinician performance and patient outcomes: a
critical appraisal of research. Ann Intern Med, 120: 135-42.
Jonason T and Ringqvist I (1985). Diabetes mellitus and intermittent claudication. Acta
Med Scand, 218: 217-21.
Juergens JL, Barker NW and Hines EA (1960). Arteriosclerosis obliterans: review of
520 cases with special reference to pathogenic and prognostic factors. Circulation, 21:
188-95.
Kacy SS, Wolma FJ and Flye MW (1982). Factors affecting the results of below-knee
amputations in patients with and without diabetes. Surg Gynecol Obstet, 155: 513-8.
Kahan JP, Park RE, Leape LL et al. (1996). Variations by specialty in physican ratings
of the appropriateness and necessity of indications for procedures. Med Care, 34: 512-
23.
Kahn LK, Kosecoff J, Chassin MR et al. (1988). Measuring the clinical appropriateness
of the use of a procedure: can we do it? Med Care, 26: 415-22.
211
Kald A, Carlsson R and Nilsson E (1989). Major amputation in a defined population:
incidence, mortality and results of treatment. Br J Surg, 76: 308-10.
Kallero KS (1981). Mortality and morbidity in patients with intermittent claudication
as defined by venous occlusion plethysmography. A ten year follow-up study. J Chron
Dis, 34: 455-62.
Kannel WB, Skinner JJ, Schwartz MJ and Shurtleff D (1970). Intermittent claudication
- incidence in the Framingham Study. Circulation, 41: 875-83.
Kannel WB and Shurleff D (1973). The Framingham study. Cigarettes and the
development of intermittent claudication. Geriatrics, 28: 61-8.
Kannel WB and McGee DL (1985). Update on some epidemiological features of
intermittent claudication. JAm Geriatr Soc, 33: 13-8.
Katrak PH and Baggott JB (1980). Rehabilitation of elderly lower extremity amputees.
MedJAust, 1: 651
Kazmers M, Satiani B and Evans WE (1980). Amputation level following unsuccessful
distal limb salvage operations. Surgery, 87: 683-7.
Kihn RB, Warren R and Beebe GW (1972). The "geriatric" amputee. Ann Surg, 176:
305-14.
Klimach O, Underwood CJ and Charlesworth D (1984). Femoropopliteal bypass with a
Goretex prosthesis: a longterm follow up. BrJSurg, 71: 821-4.
Knight P and Urquhart J (1989). Outcomes ofartificial lower limbfitting in Scotland. A
survey of new patients referred to the limb fitting service. Information and Statistics
Division Publications, Scottish Health Service Common Services Agency, Edinburgh.
Kohn R and White KL (1976). Health care: an international study. Oxford University
Press, Oxford.
Koplon JP and Farer LS (1980). Choice of preventive treatment for isoniazid-resistant
tuberculous infection. JAMA, 274: 2736-40.
Kosecoff J, Kanouse DE, Rogers WH et al. (1987). Effects of the National Institutes of
Health Consensus Development Program on physician practice. JAMA 258: 2708-13.
Kram HB, Gupta SK, Veith FJ, Wengerter KR, Panetta TF and Nwosisi C (1991). Late
results of two hundred and seventeen femoropopliteal bypasses to isolated popliteal
artery segments. J Vase Surg, 14: 386-90.
212
Kretschmer G, Wenzl E, Wagner O et al. (1986). Influence of anticoagulant treatment
in preventing graft occlusion following saphenous vein bypass for femoropopliteal
occlusive disease. Br J Surg, 73: 689-92.
Kritter A (1973). A technique for salvage of the infected diabetic gangrenous foot.
Orthop Clin North Am, 1: 21-30.
Krolewski AS and Warram JH (1985). Epidemiology of diabetes mellitus In: Marble
A, Krall LP, Bradley RF et al. eds. Joslin's diabetes mellitus, Lea and Febiger,
Philadelphia, pp 12-42.
Kumaran K, Hansen RC and Rowe M (1976). The Delphi technique in a psychiatric
hospital. Dimens Health Serv, 53: 32-4.
Lack W, Kristen H and Engel A (1987). Ergebnisse der Rehabilitaiton amputierter
Patienten mit arteriellen. Durchblutungsstoerung. Med Orth Tech, 3: 100-4.
Landgren FT, Harvey KJ, Mashford ML et al. (1988) Changing antibiotic prescribing
by educational marketing. MedJAust 149: 595-9.
Launer J (1988). A practical guide to the mangement of eczema for general
practitioners. National Eczema Society, London.
Lawrence M, Griew K, Derry J, Anderson J and Humphreys J (1994). Auditing audits:
use and development of the Oxfordshire Medical Audit Advisory Group rating system.
BMJ, 309: 513-6.
Leape LL, Freshour MA, Yntema K and Hsiao W (1992). Small-group judgement
methods for determining resource-based relative values. Med Care, 30: NS28-NS39.
Leape LL, Hilborne LH, Park RE et al. (1993). The appropriateness of use of coronary
artery bypass graft surgery in New York State. JAMA, 269: 753-60.
Leather RP and Karmody AM (1986). In-situ saphenous vein arterial bypass for the
treatment of limb ischaemia.AdvSurg, 19: 175-219.
Lembecke PA (1952). Measuring the quality of medical care through vital statistics
based on hospital service areas. I. Comparative study of appendectomy rates. Am J
Public Health, 42: 276-86.
Lembecke PA (1956). Medical auditing by scientific methods: illustrated by major
female pelvic surgery. JAMA, 162: 646.
Leng GC and Fowkes FGR (1991). Epidemiology. In: Epidemiology ofperipheral
vascular disease. Fowkes FGR, ed. Springer-Verlag, London, pp 165-79.
213
Levine AW, Bandyk DF, Bonier PH et al. (1985). Lessons learnt in adopting the in-situ
saphenous vein bypass. J Vase Surg, 2: 145-53.
Lewis CE (1969). Variations in the incidence of surgery. NEJM, 19 October: 880-4.
Lichtner S and Pflanz M (1971). Appendicectomy in the Federal Republic of Germany:
epidemiology and medical care patterns. Medical Care, 9: 311-30.
Liedberg E and Persson BM (1983a). Increased incidence of lower limb amputation for
arterial occlusive disease. Acta Orthop Scand, 54: 230-4.
Liedberg E and Persson BM (1983b). Age, diabetes and smoking in lower limb
amputation for arterial occlusive disease. Acta Orthop Scand, 54: 383-88.
Lindholt JS, Sovling S, Fasting H and Henneberg EW (1994). Vascular surgery
reduces the frequency of lower limb major amputations. Eur J Vase Surg, 8: 31-5.
Little JM, Petritsi-Jones D and Kerr C (1974). Vascular amputees: a study in
disappointment. Lancet, 1: 793-5.
Logan RFL, Ashley JSA, Klein RE and Robson DM (1972). Dynamics of medical
care. The Liverpool study into the use of hospital resources. Memoir number 14.
London School ofHygiene and Tropical Medicine, London.
LoGerfo FW, Corson JD and Mannick JA (1977). Improved results with
femoropopliteal vein grafts for limb salvage. Arch Surg, 112: 567-70.
LoGerfo FW, Johnson WC, Corson JD et al. (1977). A comparison of the late patency
rates of axillobilateral femoral and axillounilateral femoral grafts. Surgery, 81: 33-40.
Lohr KN and Brook RH (1980). Quality of care in episodes of respiratory illness
among Medicaid patients in New Mexico. Ann Intern Med, 92:99-106.
Lomas J, Anderson GM, Domnick-Pierre K et al. (1989). Do practice guidelines guide
practice? The effect of a consensus statement on the practice of physicians. NEJM, 321:
1306-11.
Lomas J, Enkin M, Anderson GM et al. (1991). Opinion leaders vs audit and feedback
to implement practice guidelines. Delivery after previous caesarean section. JAMA,
265: 2202-7.
Lomas J (1993). Teaching old (and not so old) docs new tricks; effective ways to
implement research findings. (Paper 93-4). Centre for Heatlh Economics and Policy
Analysis, Ontario.
214
London Health Planning Consortium (1979). Acute hospital services in London.
HMSO, London.
Loughlin KG and Moore LF (1979). Using Delphi to achieve congruent objectives and
activities in a pediatrics department. JMed Educ, 54: 101-6.
Loveday v Renton and Wellcome Foundation Ltd (QBD) (1990). Medical Law
Reports, 1: 117-204.
Lowe GDO (1987). Blood rheology in general medicine and surgery. Clin Haematol,
1: 827-61.
Ludbrook J, Clark AM and McKenzie JK (1962). Significance of absent ankle pulse.
BMJ, 1: 1724-8.
Luther M, Lepantalo M, Alback M and Matzke S (1996). Amputation rates as a
measure of vascular surgical results. Br JSurg, 83: 241-4.
McAllister FF (1976). The fate of patients with intermittent claudication managed non-
operatively. Am JSurg, 132: 593-5.
McCarthy EG and Widmer WG (1974). Effect of screening by consultants on
recommended elective surgical procedures. NEJM, 291: 1331-5.
McCaughan JJ (1966). Bypass graft to the post tibial artery at the ankle. Case reports.
Am Surg,, 32:126-30.
McCollough NC, Jennings JJ and Sarmiento A (1972). Bilateral below-the-knee
amputations in patients over fifty years of age. JBone Joint Surg (Am), 54: 1217-23.
McCormick A and Rosenbaum M (1991). Morbidity statistics from general practice
1981-82. Third national study: socio-economic analyses. HMSO, London.
McDonald CJ, Hui SL, Smith DL et al. (1984). Reminders to physicians from an
introspective computer medical record: a two year randomized trial. Ann Intern Med,
100: 130-8.
McDonald CL, Hui SL and Tiemey WM. (1992). Effects of computer reminders for
influenza vaccination on morbidity during influenza epidemics. MD Comput, 9: 304-
12.
McMillan DD, Lockyer J, Hagnan L et al. (1991). Effect of educational program and
interview on adoption of guidelines for the management of neonatal
hyperbilirubinaemia. Can Med Assoc J, 144: 707-13.
215
McPhee SJ, Bird JA, Jenkins CNH et al. (1989). Promoting cancer screening: a
randomized, controlled trial of three interventions. Arch Intern Med, 149: 1866-72.
MacPherson AIS, Hanid TK and Baird A (1970). Occlusive arterial disease of the
lower limbs with special reference to the indications for direct arterial surgery. Br J
Surg, 57: 598-600.
McPherson K, Wennberg JE, Hovind DB and Clifford P (1982). Small area variations
in the use of common surgical procedures: An international comparison of New
England, England, and Norway. NEJM, 307: 1310-4.
McPherson K (1982). Opting to operate. The Times Health Supplement, 12 March, pp
12-3.
McPherson K (1990). Why do variations occur? In: TF Andersen, G Mooney, eds. The
challenges ofmedicalpractice variations. Macmillan Press, London, pp 16-35.
Mackey WC, McCullough JL, Conlon TP et al. (1986). The costs of surgery for limb-
threatening ischaemia. Surgery, 99: 26-9.
Madiba TE, Mars M and Robbs JV (1997). Choosing the proximal anastomosis in
aortobifemoral bypass. Br J Surg, 84: 1416-8.
Maini BS and Mannick JA (1978). Effect of arterial reconstruction on limb salvage: a
ten-year appraisal. Arch Surg, 113: 1297-304.
Malone JM, Moore WS, Goldstone J and Malone SJ (1979). Therapeutic and economic
impact of a modern amputation program. Ann Surg, 189: 798-802.
Malone JM, Moore WS, Leal JM and Childers SJ (1981). Rehabilitation for lower
extremity amputation. Arch Surg, 116: 93-8.
Malone JM, Anderson GG, Lalka SG et al. (1987). Prospective comparison of
noninvasive techniques for amputation level selection. Am J Surg, 154: 179.
Mandelberg A and Sheinfeld W (1946). Diabetic amputations: analysis of 128 cases.
Am J Surg, 71: 70-4.
Mannick JA, Jackson BT, Coffman JD et al. (1967). Success of bypass vein grafts in
patients with isolated popliteal artery segments. Surgery, 61: 17-25.
Mant J and Hicks N (1995). Detecting differences in quality of care: the sensitivity of
measures of outcome in treating acute myocardial infarction. BMJ, 311: 793-7.
Martin CE and Foster JH (1975). Factual palliation with femoropopliteal bypass for
salvage. J Surg Res, 18: 215-20.
216
Mathieson FR, Errebo Larsen E and Wulff M (1970). Some factors influencing the
spontaneous course of arterial insufficiency. Acta Chir Scand, 136: 303-8.
Mattes E, Norman PE and Jamrozik K (1997). Falling incidence of amputations for
peripheral occlusive arterial disease in Western Australia between 1980 and 1992. Eur
J Vase Endovasc Surg, 13:14-22.
Mazze RS, Sinnock P, Deeb L et al. (1985). An epidemiological model for diabetes
mellitus in the United States: five major complications. Diabetes Research and Clinical
Practice, 1: 185-91.
Melton IJ, Macken KM. Palumbo J et al. (1980). Incidence and prevalence of clinical
peripheral vascular disease in a population based cohort of diabetic patients. Diabetes
Care, 3: 650-4.
Merrick NJ et al. (1987). Derivation of clinical indications for carotid endarterectomy
by an expert panel. Am JPublic Health, 77: 187-90.
Michaels JA, Rutter P, Collin J, Legg FM and Galland RB (1994). Relation between
rates of leg amputation and distal arterial reconstructive surgery. BMJ, 309: 1479-80.
Milholland AV, Wheeler SG and Heieck JJ (1973). Medical assessment by a Delphi
group opinion technic. NEJM, 288: 1272-75.
Mitchell IB and Cromwell J (1982). Variations in surgery rates and the supply of
surgeons. In: Rothberg DL, ed. Regional variations in hospital use. DC Health and Co,
Washington, pp 103-29.
Mitchell MW and Fowkes FGR (1985). Audit reviewed: does feedback on performance
change clinical behaviour? J Roy Coll Phys, 19 (4): 251-4.
Mittman BS, Tonesk X and Jacobson PD (1992). Implementing clinical guidelines:
social influence strategies and practitioner behaviour change. Quality Review Bulletin,
18: 413-22.
Moller BN, Solund K and Hansen SL (1985). Wound infection after lower extremity
amputation because of ischemia. Arch Orthop Trauma Surg, 104: 262-4.
Moore WS, Hall AD and Lim RC (1972). Below the knee amputation for ischaemic
gangrene. Am J Surg, 124: 127-34.
Morgan M, Mays N and Holland W (1987). Can hospital use be a measure of need for
health care? J Epidemiol Comm Health, 41: 269-74.
217
Moriwaki SY (1974). The affect balance scale: a validity study with aged samples. J
Gerontol, 29: 73.
Morrell DC, Gage, HG and Robinson NA (1971). Referral to hospital by general
practitioners. JR Coll Gen Pract, 21: 77-85.
Moscovice I, Armstrong P, Shortell S et al. (1977). Health services research for
decision-makers: the use of the Delphi technique to determine health priorities. J
Health Polit Policy and Law, 2: 388-410.
Most RS and Sinnock P (1983). The epidemiology of lower extremity amputations in
diabetic individuals. Diabetes Care, 6: 87-91.
Mugford M (1987). The effects of information on clinical practice: a review. National
Perinatal Epidemiology Unit, Oxford.
Mugford M, Banfield P and O'Hanlon M (1992). Effects of feedback of information
on clinical practice: a review. BMJ, 303: 398-402.
Murdoch G (1967). Level of amputation and limiting factors. Ann R Coll Surg Engl,
40: 204-16.
Myers KA, King RB, Scott DF, Johnson N and Morris PJ (1978a). Surgical treatment
of the severely ischaemic leg: I. Survival rates. Br JSurg, 65: 460-64.
Myers KA, King RB, Scott DF, Johnson N and Morris PJ (1978b). Surgical treatment
of the severely ischaemic leg: II. Salvage rates. Br JSurg, 65: 779-85.
Myers KA, King RB, Scott DF et al. (1978c). The effect of smoking on the late patency
of arterial reconstructions in the legs. Br J Surg, 65: 267-71.
Myers KA (1987). Palpation of the femoral and popliteal pulses - a study of the
accuracy as assessed by agreement between multiple observers. Eur J Vase Surg, 1:
245-9.
Naji A, Chu J, McCombs PR, Barker CF, Berkowitz HD and Roberts B (1978).
Results of 100 consecutive femoropopliteal vein grafts for limb salvage. Ann Surg,
188: 162-6.
Narang I, Mathur B, Singh P and Jape V (1984). Functional capabilities of lower limb
amputees. Prosthet Orthot Int, 8: 43-51.
Newton JC, Hutchison A, Steen IN, Russell IT and Haines EV (1992). Educational
potential of medical audit: obervations from a study of small groups setting standards.
Quality in Health Care, 1: 256-9.
218
NHS Management Executive (1993). Improving clinical effectiveness (EL(93)115).
Department of Health, Leeds.
NHS Executive (1994). Improving the effectiveness of the NHS (EL(94)74).
Department of Health, Leeds.
Nicholas GG, Barker CF, Berkowitz MD et al. (1973). Reconstructive surgery distal to
the popliteal trifurcation: Effect on the history of arterial occlusive disease. Arch Surg,
107: 652-6.
Nicholl JP, Thomas KJ, Williams BT and Knowelden J (1984). Contribution of the
private sector to elective surgery in England and Wales. Lancet, 2: 89-92.
Noone A, Goldacre M, Coulter A and Seagroatt V (1989). Do referral rates vary widely
between practices and does supply of services affect demand? A study in Milton
Keynes and the Oxford region. J R Coll Gen Pract, 39: 404-7.
North of England Study of Standards and Performance in General Practice (1991). An
overview of the study (Report 50). Centre for Health Services Research, Newcastle-
Upon-Tyne.
North of England Study of Standards and Performance in General Practice (1992).
Medical audit in general practice: effects on doctors' clinical behaviour and the health
of patients with common childhood conditons. BMJ, 304: 1480-8.
Notzon FC, Placker PJ and Taffel SM (1987). Comparisons of national Caesarian
section rates. NEJM, 316 (7): 386-9.
Nuffied Institute for Health, Centre for Health Economics, NHS Centre for Reviews
and Dissemination and the Research Unit Royal College of Physicians (1994).
Implementing Clinical Practice Guidelines: Can guidelines be used to improve clinical
practice? Effective Health Care 8.
O'Donnell JA, Brener BJ, Brief DK et al. (1977). Realistic expectation for patients
having lower extremity bypass surgery for limb salvage. Arch Surg, 112: 1356-63.
O'Donnell TF Jr., Mackey W, McCullough JL Jr. et al. (1984). Correlation of operative
findings with angiographic and noninvasive hemodynamic factors associated with
failure ofpolytetrafluoroethylene grafts. J Vase Surg, 1: 136-48.
O'Donohoe MK, Mathias J and Feeley TM (1994). The results of bypass to
inframalleolar arteries. In: Proceedings of the Vascular Surgical Society of Great
Britain and Ireland, Edinburgh.
O'Dwyer KJ and Edwards MH (1985). The association between lowest palpable pulse
and wound healing in below knee amputations. Ann R Coll Surg, 67: 232-4.
219
O'Mara CS, Neiman HL, Flinn WR, Hermann RJ, Yao JST and Bergan JJ (1981).
Haemodynamic assessment of transluminal angioplasty for lower extremity ischaemia.
Surgery, 89: 106-15.
Oakeshott P, Kerry SM and Williams JE (1994). Randomized controlled trial of the
effect of the Royal College of Radiologists' guidelines on general practitioners'
referrals for radiographic examination. Br J Gen Pract, 44: 197-200.
Oakley W, Catteral RCF and Martin MM (1956). Aetiology and management of
lesions of the feet in diabetics. BMJ, 2: 953-7.
Office for National Statistics (1988). Social Trends HMSO, London.
Office of Population Censuses and Surveys (1983). General Household Survey
(Number 13). HMSO, London.
Oishi CS, Fronek A, Golbranson FL et al. (1988). The role of non-invasive vascular
studies in determining levels of amputation. J Bone Joint Surg (Am), 70: 1520-4.
Orchard C (1994). Comparing healthcare outcomes. BMJ, 308: 1493-6.
Orchard T (1998). Diabetes: a time for excitement - and concern. BMJ, 317: 691-2.
Otteman MG and Stahlgren OH (1965). Evaluation of factors which influence
mortality and morbidity following major lower extremity amputations for
arteriosclerosis. Surg Gynecol Obstet, 120: 1217-20.
PACK Claudication Substudy Investigators (1989). Randomised placebo-controlled,
double-blind trial of ketanserin in claudicants. Circulation, 80: 1544-8.
Panayiotopoulos YP, Tyrrell MR, Owen SR, Reidy JF and Taylor PR (1997).
Outcomes and cost-analysis after femorocrural and femoropopliteal grafting for critical
limb ischaemia. Br JSurg, 84: 207-12.
Park RE, Fink A, Brook RH et al. (1986). Physician ratings of appropriate indications
for six medical and surgical procedures. Am JPublic Health, 76: 766-72.
Parkes CM (1975). Psycho- social transitions: comparison between reactions to loss of
a limb and loss of a spouse. BrJPsych, 127: 204-10.
Parkes CM (1976). The psychological reaction to loss of a limb: the first year after
amputation. In: Modern Perspectives in the Psychiatric Aspects ofSurgery. Howells J,
ed. Macmillan Press, London.
220
Parsonnet V, Dean D and Bernstein AD (1989). A method of uniform stratification of
risk for evaluating the results of surgery in acquired adult heart disease. Circulation,
79: 3-12.
Pasley B, Vernon P, Gibson G, McCauley M and Andoh J (1987). Geographic
variations in elderly hospital and surgical discharge rates, New York State. Am JPublic
Health, 77 (6): 679-84.
Paul-Shaheen P, Clark JD and Williams D (1987). Small area analysis: a review and
analysis of the North American literature. Journal ofHealth Politics, Policy and Law,
12 (4): 741.
Peabody CN, Kannel WB and McNamara PM (1974). Intermittent claudication -
surgical significance. Arch Surg, 109: 693-97.
Pearson RJC, Smedby B, Berfenslam R, Logan RF, Burgess AM and Peterson OL
(1968). Hospital caseloads in Liverpool, New England and Uppsala. An international
comparison. Lancet, ii: 559-66.
Pedersen AE, Bornefeldt Olsen B, Krasnik M, Ebskov LB, Leicht BP, Sager P,
Helgstrand U and Holstein P (1994). Halving the number of leg amputations: the
influence of infrapopliteal bypass. Eur J Vase Surg, 8: 26-30.
Peduzzi PN, Detre KM, Chan YK, Oberman A and Cutter GR (1982). Validation of a
risk function to predict mortality in a VA population with coronary artery disease.
Controlled Clinical Trials, 3: 47-60.
Pell JP, Donnan PT, Fowkes FGR and Ruckley CV (1993). Quality of life following
lower limb amputation for peripheral vascular disease. Eur J Vase Surg, 7: 448-51.
Pell JP, Whyman M, Fowkes FGR, Ruckley CV and Gillespie I (1994a). Trends in
vascular surgery since the introduction of percutaneous transluminal angioplasty. Br J
Surg, 81: 832-5.
Pell JP, Fowkes FGR, Ruckley CV, Clarke J, Kendrick S and Boyd J (1994b).
Declining incidence of amputation for arterial disease in Scotland. Eur J Vase Surg, 8:
602-6.
Pell JP (1995). Impact of intermittent claudication on quality of life. Eur J Vase Surg,
9: 469-72.
Pell JP and Elton R (1995). Influence of clinical resources on the treatment of
intermittent claudication. Health Bulletin, 53: 37-42.
Pell JP and Lee AJ (1997). Impact of angioplasty and arterial reconstructive surgery on
the quality of life of claudicants. Scot Med J, 42: 47-8.
221
Perdue GD, Smith RB, Veazey CR and Ansley JD (1980). Revascularisation for severe
limb ischemia. Arch Surg, 115: 168-71.
Perlow S and Roth HA (1949). Amputation for gangrene due to occlusive arterial
disease. Surgery, 25: 547-11.
Perlow S (1962). Amputation for gangrene because of occlusive arterial disease:
Results in 312 amputations. Am JSurg, 103: 569-74.
Phillips ED (1973). Greek Medicine. Thames & Hudson, London.
Plecah FR, Bertin VJ, Plecah EJ et al. (1985). The early results of vascular surgery in
patients 75 years of age and older: an analysis of 3259 cases. J Vase Surg, 2: 769-74.
Pomrehn P, Duncan B, Weissfeld L et al. (1986). The association of
dyslipoproteinaemia with symptoms and signs of peripheral arterial disease. The Lipid
Research Clinic Prevalence Study. Circulation, 73 (Suppl): 100-7.
Porter JM, Baur G and Taylor LM (1981). Lower extremity amputations for ischemia
Arch Surg, 116: 89-92.
Potts JR., Wendelken JR., Elkins RC and Peyton MD (1979). Lower extremity
amputation: Review of 110 cases. Am JSurg, 138: 924-7.
Putnam RW and Curry L (1985). Impact of patient care appraisal on physician
behaviour in the office setting. Can Med Assoc J, 132: 1025-9.
Raithel D (1980). Long-term results of femoro-popliteal/tibial bypasses with special
reference to re-operation in former femoro-popliteal procedures. J Cardiovasc Surg,
21:541-6.
Ramsburgh SR, Lindenauer SM, Weber IR et al. (1977). Femoropopliteal bypass for
limb salvage surgery. Surgery, 81: 453-8.
Ratcliff DA, Clyne CAC, Chant ADB and Webster JHH (1984). Prediction of
amputation wound healing: the role of transcutaneous P02 assessment. Br J Surg, 71:
219-22.
Ratty v Haringey Health Authority and Another (1993). Court of Appeal (Civil
Division). Lexis manuscript.
Reichle FA and Tyson RR (1972). Bypasses to tibial or popliteal arteries in severely
ischaemic lower extremities: comparison of long-term results in 233 patients. Ann
Surg, 176: 315-20.
222
Reichle FA and Tyson R (1975). Comparison of long-term results of 364
femoropopliteal or femorotibial bypasses for revascularisation of severely ischaemic
lower extremities. Ann Surg, 182: 449-454.
Reichle FA, Rankin KP, Tyson RR, Shuman CR and Finestone AJ (1979). The elderly
patient with severe arterial insufficiency of the lower extremity. Cardiovasc Surg, 60:
124-6.
Reichle FA, Rankin KP, Tyson RR, Finestone AJ and Schuman C (1979). Long-term
results of 474 arterial reconstruction for severely ischaemic limbs: a fourteen year
follow-up. Surgery, 85: 93-100.
Reid DD et al. (1974). Cardiorespiratory disease and diabetes among middle-aged male
civil servants. Lancet, i: 469-73.
Reifsnyder T, Grossman JP and Lees SA (1997). Limb loss after lower extremity
bypass. Am JSurg 174: 149-51.
Rennie D (1981). Consensus statements. NEJM, 304: 665-6.
Renstrom P (1981). The below-knee amputee. University of Gotenburg. Sweden.
Reunanen A, Takkunen H and Aromaa A (1982). Prevalence of intermittent
claudication and its effect on mortality. Acta Med Scand, 211: 249-56.
Rockall TA, Logan EF, Devlin HB and Northfield TC (1995). Variation in outcome
after acute upper gastrointestinal haemorrhage. The national audit of acute upper
gastrointestinal haemorrhage. Lancet, 346: 346-50.
Roedersheimer LR, Feins R and Green RM (1981). Doppler evaluation of the pedal
arch. Am J Surg, 142:601-4.
Roemer R and Shain M (1959). Hospital costs relate to the supply of beds. The Modern
Hospital, 92: 71-3.
Roland M (1992). Measuring appropriateness of hospital referrals. In: Hospital
referrals. Roland M, Coulter A, eds. Oxford General Practice Series 22, Oxford
University Press, New York, pp 136-49.
Romano RL and Burgess EM (1971). Level selection in lower extremity amputations.
Clin Orthop, 74: 177.
Roon AJ, Moore WS and Goldstone J (1977). Below-knee amputation: A modem
approach Am J Surg, 134: 153-8.
223
Roos NP, Roos LL and Henteleff PD (1977a). A new audit procedure applied to an old
question: is the frequency ofT and A justified? Medical Care, 15: 1-18.
Roos NP, Roos LL and Henteleff PD (1977b). Elective surgical rates - do high rates
mean lower standards? Tonsillectomy and adenoidectomy in Manitoba. NEJM, 18
August: 360-5.
Roos NP and Roos LL (1981). High and low surgical rates: risk factors for area
residents. Am J Public Health, 71: 591-600.
Roos NP and Roos LL (1982). Surgical rate variations: do they reflect the health or
socioeconomic characteristics of the population? Medical Care, 20 (9): 945-8.
Roos NP (1984a). Hysterectomy: variation in rates across small areas and across
physicians practices. Am JPublic Health, 74: 327-35.
Roos LL (1984b). Surgical rates and mortality: a correlational analysis. Medical Care,
22 (6): 586-8.
Rose G, McCartnery P and Ried DD (1977). Self-administration of a questionnaire on
chest pain and intermittent claudication. Br JPrev Soc Med, 31: 42-8.
Rosenberg N, Adiarte E, Bujdoso LJ and Backwinkel KD (1970). Mortality factors in
major limb amputations for vascular disease: A study of 176 procedures. Surgery, 67:
437-41.
Royal College of Radiologists working party (1992). Influence of the Royal college of
Radiologists' guidelines on hospital practice: a multicentre study. BMJ, 304: 740-3.
Royal College of Radiologists (1993). Making the best use ofa department ofclinical
radiology: guidelinesfor doctors. Royal College ofRadiology, London.
Royster TS and Reiss I (1968). Bypass grafting from the profunda femoris to the distal
anterior-tibial artery. Arch Surg, 97: 521.
Ruckley CV (1991). Symptomatic and asymptomatic disease. In: Fowkes FGR, ed.
Epidemiology ofperipheral vascular disease. Springer Verlag, London, pp 97-108.
Rush DS, Huston CC, Bivins BA and Hyde GL (1981). Operative and late mortality
rates of above-knee and below-knee amputations. Am J Surg, 47: 36-9.
Russell IT, Grimshaw JM and Wilson BJ (1993). Scientific and methodolgoical issues
in quality assurance. Proceedings ofthe Royal Society ofEdinburgh, 101B: 77-103.
Rutkow IM (1982). Surgical decision making: the reproducibility of clinical
judgement. Arch Surg, 117: 337-41.
224
Sackett KL and Winkelstein W (1965). The epidemiology of aortic and peripheral
atheroscleroisis - a selective review. J Chron Dis, 18: 775-93.
Sackman H (1975). Delphi critque. DC Health, Lexington, Massachusetts.
Samson RH, Gupta SK, Scher LA and Veith FJ (1982). Level of amputation after
failure of limb salvage procedures. Surg Gynecol Obstet, 154: 56-8
Sanders D, Coulter A and McPherson K (1989/ Variations in hospital admission
rates: a review ofthe literature. Number 79, Kings Fund, London.
Sayers RD, Thompson MM, Varty K, Jagger C and Bell PRF (1993). Changing trends
in the management of lower-limb ischaemia: a 17 year review. Br J Surg, 80: 1269-73.
Schadt DC, Hines EA, Juergens JL and Barker NW (1961). Chronic atheroclerotic
occlusion of the femoral artery. JAMA, 175: 937-40.
Scher LA, Veith FJ, Ascer E et al. (1986). Limb salvage in octogenarians and
nonagenarians. Surgery, 99: 160-5.
Schlenker JD and Wolkoff JS (1975). Major amputations after femoropopliteal bypass
procedures. Am JSurg, 129: 495-9.
Schneider EC and Epstein AM (1996). Influence of cardiac-surgery performance
reports on referral practices and access to care: a survey of cardiovascular specialists.
NEJM, 335: 251-6.
Schroll M and Munck O (1981). Estimation of peripheral arterial disease by ankle
blood pressure measurements in a population study of 60 year old men and women. J
Chron Dis, 34: 261-9.
Seedhouse D (1990). Liberating medicine. Wiley, London.
Selker HP (1993). Criteria for adoption in practice of medical practice guidelines. Am J
Cardiol, 71: 339-41.
Sernbo L, Bergqvist D, Johnell O and Lundell A (1991). Amputationer i. Malmo, -84, -
89, -och 90-beskrivning av patienternas bakgrundsdata. Svenska Lakarenalisk. Handl,
100: 275-6.
Sethia KK, Berry EB, Morrison JD, Collin J, Murie JA and Morris PJ (1986).
Changing pattern of lower limb amputation for vascular disease. Br J Surg, 73: 701-3.
225
Shah DM, Darling RC, Chang BB, Fitzgerald KM, Paty PS and Leather RP (1995).
Long-term results of in-situ saphenous vein bypass. Analysis of 2058 cases. Ann Surg,
222: 438-46.
Shaw CD (1980a). Aspects of audit I: the background. BMJ, 280: 1256-8.
Shaw CD (1980b). Aspects of audit II: audit in British hospitals. BMJ, 280: 1314-6.
Shaw CD (1980c). Aspects of audit III: audit in British general practice. BMJ, 280:
1361-3.
Shaw CD (1980d). Aspects of audit IV: acceptability of audit. BMJ, 280: 1443-6.
Shaw CD (1980e). Aspects of audit V: looking forward to audit. BMJ, 280: 1509-11.
Sheehan KH (1987). Caesarian section for dystocia: a comparison of practices in two
countries. Lancet, ii: 548-51.
Sheiber W and Parks C (1974). Dorsalis pedis artery in bypass grafting. Am J Surg,
128: 752-5.
Sheldon TA and Borowitz M (1993). Changing the measure of quality in the NHS:
from purchasing activity to purchasing protcols. Qual Health Care, 2: 149-50.
Shepperd S, Coulter A and Farmer A (1995). Using interactive videos in general
practice to inform patients about treatment choices: a pilot study. Fam Pract, 12: 443-
7.
Silbert S (1948). Mid-leg amputations for gangrene in the diabetic. Ann Surg, 127: 503-
6
Silbert S and Haemovici H (1950). Results of mid-leg amputations for gangrene in
diabetics JAMA, 144: 454-58.
Silbert S (1952). Amputation of the lower extremity in diabetes mellitus. Diabetes, 1:
297-99.
Silbert S and Haimovici H (1954). Criteria for the selection of the level of amputation
forischaemic gangrene. JAMA, 155: 1554-8.
Silbert S and Zazeela H (1958). Prognosis in arteriosclerotic peripheral vascular
disease. JAMA, 166: 1816-21.
Singer A and Rob C (1960). The fate of the claudicator. BMJ, 2: 633-6.
226
Siperstein M, Unger R and Madison L (1968). Capillary basement membranes in
normal subjects, diabetics and prediabetic patients. J Clin Invest, 47: 1973-99.
Sitori CR, Biasi G, Vercellio G et al. (1974). Diet lipids and lipoproteins in patients
with peripheral vascular disease. Am JMed Sci, 268: 325-32.
Sizer JS and Wheelock FC Jr. (1972). Digital amputations in diabetic patients. Surgery,
72: 980-9.
Skillman JJ (1993). It can be fixed, but should it be? Ann Surg, 218: 713-4.
Smith F, Morgan MJ and Gwynn BR (1993). Quality of life after vascular
reconstruction or amputation for critical leg ischaemia In: Proceedings ofthe Vascular
Surgical Society ofGreat Britain and Northern Ireland. Manchester.
Smith WCS, Woodward M and Tunstall-Pedoe H (1991). Intermittent claudication in
Scotland. In: Fowkes FGR, ed. Epidemiology ofperipheral vascular disease. Springer
Verlag, London, pp 117-23.
Smith GH (1993). A case study in progress: practice guidelines and the affirmative
defense in Maine. Journal ofQuality Improvement, 19: 355-62.
Sommers LS, Sholtz R, Shepherd RM et al. (1984). Physician involvement in quality
assurance. Med Care 22: 1115-38.
Soumerai SB, Salem-schatz S, Avorn J et al. (1993). A controlled trial of educational
outreach to improve blood transfusion practice. JAMA, 270: 961-6.
Squires JW, Johnson WC, Widrich WC and Nabseth DC (1982). Cause of wound
complications in elderly patients with above-knee amputation. Am J Surg, 143: 523-7.
Starkweather DB, Gelwicks L and Newcomer R (1975). Delphi forecasting of health
care organisation. Inquiry, 12: 251-62.
Steinberg FU, Sunwoo I and Roettger RF (1985). Prosthetic rehabilitation of geriatric
amputee patients: a follow-up study. Arch Phys MedRehabil, 66: 742.
Stephen PJ, Hunter J and Aitken RCB (1987). Morbidity survey of lower limb
amputees. Clin Rehabil, 1: 181-6.
Stem PH (1988). Occlusive vascular disease of lower limbs: Diagnosis, amputation
surgery and rehabilitation. Am JPhys Med Rehab, 67: 145-54.
Stockford DD (1985). Current health status and future demand for health care
programs and social support services: Follow-up analysis from the survey of aging
227
veterans. Office of Information Management and Statistics, Veterans Administration,
Washington DC.
Stoney RJ, James DR and Wylie EJ (1971). Surgery for femoropopliteal
atherosclerosis: A reappraisal. Arch Surg, 103: 548-53.
Stoney RJ (1978). Ultimate salvage for the patient with limb-threatening ischemia -
realistic goals and surgical considerations. Am J Surg, 136: 228-32.
Strauss MB (1968). Familiar Medical Quotations. Little Brown, Boston.
Sytkowski PA, Kannel WB and D'Agostino RB (1990). Changes in risk factors and the
decline in mortality from cardiovascular disease. NEJM, 322: 1635-41.
Szilagyi DE, Ellioo JP, Hageman J et al. (1973). Biologic fate of autogenous vein
implants as arterial substitues. Am Surg, 178: 232-46.
Szilagyi DE, Hageman JH, Smith RF et al. (1979). Autologous vein grafting in
femoropopliteal atherosclerosis. The limits of its effectiveness. Surgery, 86: 836-51.
Tarlov AR, Ware JE, Greenfield S, Nelson EC, Perrin EC and Zubkoff M (1989). The
medical outcomes study. An application of methods for monitoring the results of
medical care. JAMA, 282: 925-30.
Taylor GW and Calo AR (1962). Atherosclerosis of arteries of lower limbs. BMJ, 1:
507-10.
Taylor LM, Edwards JM and Porter JM (1990). Present status of reversed vein bypass
grafting: Five-year results of a modem series. J Vase Surg, 11: 193-205.
Thompson RC, Delblanco TL and McAllister FF (1965). Complications following
lower extremity amputation. Surg Gynecol and Obstet, 120: 301-4.
Thompson WA and Ponder LD (1979). Use of Delphi methodology to generate a
survey instrument to identify priorities for state allied health associations. J Allied
Health Behav Sci, 2: 383-99.
Thompson DM and Haran D (1983). Living with an amputation: the patient. Int
Rehabil Med, 5: 165-9.
Thornell CA (1981). Comparison of strategies for the development of process
measures in emergency medical services. DHHS Publ No (PHS) 81-3227, Department
of Health and Human Services, Washington DC.
Thornhill HL, Jones GD, Brodzka W and Van Bockstacle P (1986). Bilateral below-
knee amputations: experience with 80 patients. Arch Phys Med Rehabil, 67: 157-64.
228
Tibell B (1971). Peripheral arterial insufficiency. Acta Orthop Scand, 139 (Suppl): 1-
54.
Tierney WM, Hui SL and McDonald CJ (1986). Delayed feedback of physician
performance versus immediate reminders to perform preventive care. Med Care 24:
659-66.
Towne JB, Bernhard VM, Rollins DL and Baum PL (1981). Profundoplasty in
perspective: limitations in the long-term management of limb ischaemia. Surgery, 90:
1037-46.
Traugh GH, Corcoran PJ and Reyes RL (1975).Energy expenditure of ambulation in
patients with above-knee amputations. Arch Phys Med Rehabil, 56: 67.
Tredennick H (1969). Plato: the last days ofSocrates (translated). Penguin, London.
Tripses D and Pollak EW (1981).Risk factors in healing of below-knee amputation.
Appraisal of 64 amputations in patients with vascular disease. Am J Surg, 141: 718-20.
Tunis SR, Bass EB and Steinberg EP (1991).The use of angioplasty, bypass surgery,
and amputation in the management of peripheral vascular disease. NEJM, 325: 556-62.
Tunis SR, Hayward RSA, Wilson MC et al. (1994). Internists' attitudes about clinical
practice guidelines. Ann Intern Med, 120: 956-63.
Tyson RR and DeLaurentis DA (1966).Femorotibial bypass. Circulation, 34 (Suppl):
183.
Tyson RR and Reichle FA (1969).Femorotibial bypass. Ann Surg, 170: 429-34.
Tyson RR, Grosh JD and Reichle FA (1978). Redo surgery for graft failure. Am J Surg,
136: 165-70.
Vallance R (1991). How does lower limb balloon angioplasty affect vascular surgical
practice? JIntervent Radiol, 6: 5-9.
Van de Ven A and Delbecq A (1972). The nominal group as a research instrument for
exploratory health studies. Am JPublic Health, 62: 337-42.
Vayda E (1973). A comparison of surgical rates in Canada and in England and Wales.
NEJM, 289:1224-9.
Vayda E, Lyons D and Anderson GD (1977). Surgery and anaesthesia in Ontario. Can
Med Assoc J, 116: 1263.
229
Vayda E, Mindell WR and Rutkow IM (1982). A decade of surgery in Canada,
England and Wales and the United States. Arch Surg, 117: 846-53.
Vayda E, Barnsley JM, Mindell WR and Cardillo B (1984). Five-year study of surgical
rates in Ontario's counties. Can Med Assoc J, 131: 111-5.
Veith FJ, Gupta SK and Daly Y (1980). Management of early and late thrombosis of
expanded polytetrafluoroethylene (PTFE) femoropopliteal bypass grafts: Favourable
prognosis with appropriate reoperation. Surgery, 87: 581-7.
Veith FJ, Gupta SK, Samson RH et al. (1981a). Progress in limb salvage by
reconstructing arterial surgery combined with new or improved adjunctive procedures.
Ann Surg, 194: 386-401.
Veith FJ, Gupta SK and Daly V (1981b). Femoropopliteal bypass to the isolated
popliteal segment: is polytetrafluorethylene graft acceptable? Surgery, 89: 296-303.
Veith FJ, Gupta SK, Samson RH et al. (1981c). Superficial femoral and popliteal
arteries as inflow sites for distal bypasses. Surgery, 90: 980-90.
Veith FJ, Ascer E, Gupta SK et al. (1985). Tibiotibial vein bypass grafts: a new
operation for limb salvage. J Vase Surg, 2: 552-7.
Veith FJ, Gupta SK, Ascer E et al. (1986a). Six-year prospective multicenter
randomised comparison of autologous saphenous vein and expanded
polyterafluoroethylene grafts in inffainguinal arterial reconstructions. J Vase Surg, 3:
104-14.
Veith FJ, Gupta SK, Ascer E, Sprayregen S and Collier R (1986b). Reoperations and
other reinterventions for thrombosed and failing polytetrafluoroethylene grafts. In:
Bergan JJ, Yao JST, eds. Reoperative arterial surgery. Grune & Stratton, Orlando, pp
377-92.
Veith FJ, Gupta SK, Wengerter KR, Goldsmith J, Rivers SP, Balak EW et al. (1990).
Changing arteriosclerotic disease patterns and management strategies in lower-limb-
threatening ischaemia. Ann Surg, 212: 402-14.
Vitali et al. (1978). Amputations and prostheses. In: The Hippocratic Treatise on
Joints. Bailliere Tindall, London.
W v Egdell (1989). All ER, 1:1089-109.
Wagner WH, Keagy BA, Mamdouh MK et al. (1988). Noninvasive determination of
healing of lower extremity amputation: the continued role of clinical judgement. J Vase
Surg, 8: 703.
230
Warren R and Kihn RB (1968). A survey of lower extremity amputation for ischemia
Surgery, 63: 107-9
Warren R, James RC, Banks HH et al. (1973). The Boston Interhospital Amputation
Study. Arch Surg, 107: 861-5.
Waters RL et al. (1976). Energy cost of walking in amputees: The influence of level of
amputation. JBone Joint Surg, 58A: 42-6.
Weaver PC and Marshall SA (1973). A functional and social review of lower limb
amputees. Br JSurg, 60: 732-7.
Weingarten S, Agocs L, Tankel N et al. (1993). Reducing lengths of stay for patients
hospitalised with chest pain using medical practice guidelines and opinion leaders. Am
J Cardiol, 71: 259-62.
Weiss GN, Gorton A, Read RC and Neal LA (1990). Outcomes of lower extremity
amputations. JAm Ger Soc, 38: 877-83.
Wennberg J and Gittelsohn A (1973). Small area variations in health care delivery.
Science, 142: 1102-8.
Wennberg JE, Blowers L, Parker R and Gittelsohn AM (1977). Changes in
tonsillectomy rates associated with feedback and review. Paediatrics, 59: 821-6.
Wennberg JE, Bunker JP and Barnes B (1980). The need for assessing the outcome of
common medical procedures. Annual Reviews ofPublic Health, 1: 277-95
Wennberg JE, Barnes BA and Zubkoff M (1982). Professional uncertainty and the
problem of supplier-induced demand. Soc Sci Med, 16: 811-24.
Wennberg JE and Gittelsohn A (1982). Health care delivery in Maine I: patterns of use
of common surgical procedures. Journal of the Maine Medical Association, 66: 123-
30.
Wennberg JE, McPherson K and Caper P (1984). Will payment based on diagnosis-
related groups control hospital costs? NEJM, 311: 295-300.
Wennberg JE (1986). Which rate is right? NEJM, 314: 310-1.
Wennberg JE (1987). Population illness rates do not explain population hospitalisation
rates. A coment on Mark Blumberg's thesis that morbidity adjusters are needed to
interpret small area variations. Medical Care, 25 (4): 354-9.
Wennberg JE, Freeman JL and Culp WJ (1987). Are hospital services rationed in New
Haven or over-utilised in Boston? Lancet, i: 1185-9.
231
Wennberg JE, Mulley AG, Hanley D et al. (1988). An assessment of prostatectomy for
benign urinary tract obstruction: geographic variations and the evaluation of medical
care outcomes. JAMA, 259 (20): 3027-30.
White SA, Thompson MM, Zickerman AM, Broomhead P, Critchley P, Barrie WW,
Bell PR (1997). Lower limb amputation and grade of surgeon. Br J Surg, 84: 509-11.
Whittemore AD, Clowes AW, Couch NP and Mannick JA (1981). Secondary
femoropopliteal reconstruction. Arch Surg, 192: 35-42.
Wickline v California (1986). California Reporter, 288: 881-72.
Widmer LK, Greensher A and Kannel WB (1964). Occlusion of peripheral arteries: a
study of 6400 working subjects. Circulation, 30: 836-42.
Widmer LK, Biland L and DaSilva A (1985). Risk profile and occlusive peripheral
artery disease (OPAD) In: Proceedings of the 13th International Congress of
Angiology, 9-14 June, Athens.
Wilkin D and Smith T (1986). Variations in general practitioners' referrals to
consultants. Centre for Primary Care Research, University ofManchester.
Wilkin D and Smith AG (1987). Variation in general practitioners' referral rates to
consultants. JR Coll Gen Pract, 37: 350-3.
Wilkin D (1992). Patterns of referral: explaining variation. In: Roland M, Coulter A,
eds. Hospital referrals. Oxford General Practice Series 22, Oxford University Press,
New York, pp 76-91.
Williams A (1978). Need - an economic exegesis. In: Culyer AJ, Wright KG, eds.
Economic aspects ofhealth services. Martin Robertson, Oxford.
Williamson JW (1978). Formulating priorities for quality assurance activity. JAm Med
Assoc, 239: 631-7.
Wilsher v Essex Area Health Authority (1986). All ER, 3: 801-36.
Wilson v Blue Cross of Southern California (1990). California Appellate Reports 3rc^
Series, 222: 876-85.
Wilson IB and Cleary PD (1995). Linking clinical variables with health-related quality
of life. JAMA, 273: 59-65.
232
Winyard GPA (1982). An investigation of variation in hospital admission rates in
England. London School ofHygiene and Tropical Medicine, London.
Wolfe JHN (1986). Defining the outcome of critical ischaemia: a one year prospective
study. Br JSurg, 73: 321.
Woolf SH (1993). Practice guidelines a new reality in medicine. III. Impact on patient
care. Arch Intern Med, 153, 2646-54.
Wright HJ (1968). General practice in South West England. Report from general
practice 7. Royal College of General Practitioners, London.
Yeager RA, Hobson RW, Lynch TG et al. (1982). Analysis of factors influencing
patency of polytetrafluoroethylene prostheses for limb salvage. JSurg Res, 32: 499
Yeager RA, Hobson RW, Jamil Z, Lynch TG, Lee BC and Jain KM (1982).
Differential patency and limb salvage for polytetrafluoroethylene and autogenous
saphenous vein in severe lower extremity ischemia. Surgery, 91: 99-103.
Yogasundaram YN (1976). Salvage of the lower limbs. Br J Surg, 63: 371-76.
Yoong AFE, Lim J, Hudson CF and Chard T (1992). Audit of compliance with
antenatal protocols. BMJ, 305: 1184-6.
Young L (1965). Utilization review and control mechanisms: from the Blue Shield
perspective. Inquiry, 2: 5-15.
233
APPENDIX 1
Questionnaire circulated to panellists
234
QUESTIONNAIRE
INDICATIONS FOR ARTERIAL RECONSTRUCTIVE SURGERY AND
PRIMARY MAJOR AMPUTATION IN PATIENTS WITH
CHRONIC CRITICAL LIMB ISCHAEMIA
The intention of this questionnaire is to produce, by consensus, a list of indications
for performing amputation and arterial reconstruction in patients with
chronic critical lower limb ischaemia.
DEFINITION OF PATIENTS
In this questionnaire, the questions refer only to patients with chronic critical lower limb
ischaemia who have received maximum conservative treatment and who possess no strong
contra-indications to major surgery as defined below:
Chronic critical limb ischaemia
a. recurring ischaemic rest pain requiring regular analgesia for more than two weeks
with an ankle systolic pressure at or below 50 mmHg (excluding diabetics), or
b. tissue loss (ulceration or gangrene) of the foot or toes, with an ankle systolic
pressure at or below 50 mmHg (excluding diabetics).
(Second European Consensus Document)
Strong contra-indications to major surgery
a. dementia.
b. severely restricted functional capacity due to co-existing conditions such as
respiratory, cardiovascular or cerebrovascular disease.
c. markedly reduced life-expectancy (less than twelve months) due to factors such as
very advanced age, inoperable cancer or life-threatening conditions.
d. strong opposition from the patient to any intervention or a particular procedure.
e. judged by the anaesthetist to be unsuitable for major reconstruction.
Maximum conservative treatment
a. adequate attempts at pain relief comprising: keeping the leg dependent plus regular
analgesics including opiates, nerve blocks or epidural if indicated.
b. trial of prostanoids in patients in whom PTA and arterial reconstruction are
contraindicated, technically impossible or have failed.
c. adequate treatment of co-existing conditions such as hyperlipidaemia,
diabetes and hypertension.
d. cessation of beta-blocker treatment in hypertensives and replacement with
vasodilating drugs.
e. antibiotic therapy for systemic infections.
f. sub-cutaneous heparin in patients confined to bed, and antiplatelet drugs in
ambulatory patients.
g. debridement of necrotic tissue, drainage of pus and topical anti-infective treatment
in patients with tissue loss and superficial infections
h. patient strongly advised to stop smoking.
SCORING OF INDICATIONS FOR AMPUTATION
AND ARTERIAL RECONSTRUCTION
In each question you are presented with the following information on the patient: the
presence or absence of rest pain; extent of tissue loss; angiogram findings; and whether or
not a suitable vein is available for reconstruction. Given this information you are then
requested to score the appropriateness of carrying out both a primary major amputation
(above, below or through knee) and arterial reconstruction on this patient using the following
scale.
Appropriateness Scale
extremely inappropriate =>I23456789<= extremely appropriate
t
equivocal
(neither clearly appropriate nor clearly inappropriate)
You circle on separate scales one number to signify the appropriateness of primary major
amputation and one number for arterial reconstruction. The amputation and reconstruction
scales do not have to mirror each other but are scored separately.
EXAMPLE
Suppose that a patient has rest pain plus deep heel or mid foot tissue loss, and
angiogram suggestive of complete occlusion of the arterial tree (see angiogram I on
the sheet attached to the questionnaire) and no vein is available for reconstruction.
The question is structured as follows:
Primary major Arterial
amputation reconstruction
(circle one number) (circle one number)
4. Tissue loss with/without rest pain
ii. deep, heel or mid-foot tissue loss
M no vein 1 2 3 4 5 6 7 8$ Q)2 3 4 5 6 7 8 9 (218)
By circling the numbers shown you would be indicating that, in such a patient,
amputation would be extremely appropriate and arterial reconstruction extremely
inappropriate.
Please indicate the appropriateness of primary major amputation (above, below or
through knee) and arterial reconstruction for the following clinical situations. You can
detach the angiogram sheet from the main questionnaire for ease of reference. Please
skim through the questionnaire before beginning so that you can see how it is
structured.
extremely inappropriate =>1234567 8 9 <= extremely appropriate
It
equivocal
(neither clearly appropriate nor clearly inappropriate)
1. Rest pain with no tissue loss
Primary mtyor
amputation Arterial reconstruction


























































































extremely inappropriate =>_123456789<= extremely appropriate
11
equivocal
(neither clearly appropriate nor clearly inappropriate)
2. Tissue loss only. No rest pain,
































































































extremely inappropriate =>1.234567 8 9 «= extremely appropriate
(f
equivocal
(neither clearly appropriate nor clearly inappropriate)






ii. superficial, forefoot tissue loss (extending no more than 3cm proximally to interdigital cleft on dorsum of foot



























































































extremely inappropriate =>J_23456789<= extremely appropriate
11
equivocal
(neither clearly appropriate nor clearly inappropriate)
2. Tissue loss only. No rest pain.











































































extremely inappropriate =>1234567 8 9 <= extremely appropriate
11
equivocal
(neither clearly appropriate nor clearly inappropriate)
3. Tissue loss plus rest pain















































































































extremely inappropriate =>1.234567 8 9 <= extremely appropriate
It
equivocal
(neither clearly appropriate nor clearly inappropriate)






ii. superficial, forefoot tissue loss (extending no more than 3cm proximally to interdigital cleft on dorsum of foot


















































































extremely inappropriate =*1234567 8 9 <= extremely appropriate
It
equivocal
(neither clearly appropriate ncr clearly inappropriate)
3. Tissue loss plus rest pain























































































extremely inappropriate =>.1234567 S 9 <= extremely appropriate
It
equivocal
(neither clearly appropriate nor clearly inappropriate)






i. deep, forefoot tissue loss (extending no more than 3cm proximally to interdigital cleft on dorsum of foot and
not proximal to base of toes on plantar surface ie. transmetatarsal amputation is possible)

















































































extremely inappropriate =>j[234567 8 9 <= extremely appropriate
11
equivocal
(neither clearly appropriate nor clefly inappropriate)
4. Tissue loss with or without rest pain


















































































































Severeinflowobstructionde in das angiographicevidenceofadvanceddise s oftheaorto-iliacvessels,c mprisingmajoi stenoses(>10cmlo gor>70%reduction
inlumen)orcompletecclusion. Severeoutflowbs ructionidefinedas angiographicevidenceof: a.severediseaseofthi tal poplitealartery,duteith r completeocclusionrlong (>10cm)stenosesr sultingi >70%narrowingofthelum n,s wellas; b.occlusionftheibialart ries, resultinginov selflowinnt theplantararchwhicisbot visiblypatentonagiogramd suitablefordi lanastomosis,o ; c.nootherevidencefavess l suitablefordi lanastomosisby anycriterionincludi gexplo ation ontheoperatingablevascular laboratorytests.
JL
inguinalligament knee ankle








Severeinflowobstruction plusnovisiblypatent segmentinsuperficial femoralrproximal poplitealarteries. Profundapatenta dno severeoutflow obstruction.
-JL.
inguinalligame t knee ankle
Severeinflowobstruction plusnovisiblypatent segmentinsup rficialor profundafemor larteries orproximalpopliteal artery.Noevidencef severeoutflow obstruction.
inguinalli ament ankle
Severeoutflow obstructionplusnvisibly patentsegmentin superficialfemorartery. Profundafemor land poplitealarteriesat nt andosevereinfl w obstruction.
JL
inguinalli ament ankleknee
Majorocclusionsndl g stenoseswithinsuperf cial femoralandproximal poplitealarteries. Commonandprofunda femoralarteriespatent. Outflowobstruction presentbupatent segmentsankle/foot.
D
JL
inguinall gament knee ankle
Majorocclusionsl ng stenoseswithinh superficialfemor land proximalpopliteal arteries.Nos v reinfl w orutflowobst uction.
H inguinalligament knee ankle







Severeoutflowobst uction plusocclusionf superficialfemor land proximalp pliteal arteries.Nosev reinfl w obstructionandprofunda patent.
ankle
Severeoutflowbstruction plusocclusionf superficialandprofun a femoralandproximal poplitealarteries.N severeinflowobstruction.
JL
inguinalligament knee
Severeoutflow obstruction.Nomajor occlusionsmore proximally.
ankle
M inguinalligament knee
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ROUND ONE RESULTS
Enclosed, for your information, are the results of the first round of this questionnaire.
For each question, the group scores are presented in the form of a histogram.
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67 ARC 999978969991 999
68 ARC 999978969991 999
69 ARC 999987969991 999
70 ARC 999977969991 999
71 ARC 374156959999958
72 ARC 264156759999953





78 ARC 3379329697591 23
79 ARC 8791 17778559776
80 ARC 541 1 134665591 51
81 ARC 669114676359576
82 ARC 261 1133643591 51
83 ARC 9741722171591 1 1
84 ARC 971 1722171591 1 1
85 ARC 114111117159111
86 ARC 111111117159111
87 ARC 1 141112171591 1 1
88 ARC 111111217159111
89 ARC 999999999991 999
90 ARC 999999999991 999
91 ARC 999998999891 999
92 ARC 999998999891 999
93 ARC 784197999797999
94 ARC 674197999797997









104 ARC 321 1265633491 53
105 ARC 9751712133491 1 1
106 ARC 961 1512133491 1 1
107 ARC 3151111 132491 1 1
108 ARC 211111113249111






115 ARC 999989999991 999
116 ARC 999989999991 999
117 ARC 999998999991 999
118 ARC 999998999991 999
119 ARC 484197989993989
120 ARC 474197989993987
121 ARC 999999999991 999






128 ARC 561 1155765391 63
129 ARC 739118777539788
130 ARC 321118666539163
131 ARC 3751712162391 1 1
132 ARC 371 1512162391 1 1
133 ARC 1 151111 162391 1 1
134 ARC 111111116239111




9 9 9 9 9 9 9 9 9 8 1 9 9 9 Y A
9 9 9 9 9 9 9 9 9 8 9 9 9 9 Y A
9 9 4 9 8 8 9 9 9 8 9 9 9 9 Y A
9 9 4 9 8 8 9 9 9 8 9 9 9 9 Y A
9 1 1 9 4 8 5 9 8 4 1 6 7 6 N E
9 1 1 9 5 8 5 9 8 4 7 6 7 6 N E
9 9 1 9 9 9 9 9 9 9 9 9 8 9 Y A
9 9 1 9 9 9 9 9 8 8 9 9 8 9 Y A
9 8 9 9 5 8 9 9 7 4 1 9 8 8 N E
9 8 9 9 5 8 9 9 7 4 5 9 8 8 N E
9 2 2 9 6 8 9 9 7 4 6 9 7 7 N E
9 2 2 9 3 7 9 7 6 3 3 6 7 6 N E
1 9 8 9 7 7 2 9 8 6 7 9 7 7 N E
1 1 8 9 2 6 2 7 6 4 2 5 6 5 N E
1 9 1 9 7 4 1 9 8 6 6 9 7 6 N E
1 1 1 9 2 3 1 7 6 3 1 4 5 3 N E
1 1 1 1 1 4 1 1 1 2 1 1 2 1 N E
1 1 1 1 1 4 1 1 1 2 1 1 2 1 N E
1 1 1 1 1 3 1 1 1 1 1 1 2 1 N E
1 1 1 1 1 3 1 1 1 1 1 1 2 1 Y I
1 1 1 1 1 2 1 1 1 1 1 1 2 1 N E
1 1 1 1 1 3 1 1 1 1 1 1 2 1 Y I
9 9 9 9 9 9 9 9 9 8 1 9 9 9 Y A
9 9 9 9 9 9 9 9 9 8 9 9 9 9 Y A
9 9 8 9 8 9 9 9 9 8 9 9 8 9 Y A
9 9 8 9 8 9 9 9 9 8 9 9 8 9 Y A
9 1 3 9 8 9 3 9 8 6 1 5 7 8 N E
9 1 3 9 6 8 3 9 8 6 7 5 7 7 N E
9 9 9 9 9 9 9 9 9 8 9 9 9 9 Y A
9 9 9 9 9 9 9 9 8 7 9 9 9 9 Y A
9 9 1 9 3 8 9 9 7 3 1 9 8 8 N E
9 9 1 9 3 7 9 9 7 9 6 9 8 9 N E
9 6 1 9 4 9 9 9 7 9 6 9 8 8 N E
9 6 1 9 4 8 9 7 6 2 2 6 7 6 N E
9 9 8 9 6 5 2 9 9 8 7 9 8 8 N E
9 1 8 9 2 4 2 5 6 8 7 5 6 5 N E
9 9 3 9 5 5 2 9 9 6 7 9 8 7 N E
9 1 3 9 2 4 2 7 6 4 6 5 6 4 N E
5 1 1 1 1 4 1 1 1 2 1 1 4 1 N E
5 1 1 1 1 3 1 1 1 1 1 1 4 1 N E
5 1 1 1 1 3 1 1 1 2 1 1 4 1 N E
5 1 1 1 1 3 1 1 1 1 1 1 4 1 N E
5 1 1 1 1 2 1 1 1 2 1 1 3 1 N E
5 1 1 1 1 2 1 1 1 1 1 1 3 1 Y I
9 9 1 9 5 4 9 7 8 1 1 9 7 7 N E
9 9 1 9 5 4 9 7 8 1 5 9 7 7 N E
1 1 1 1 1 1 1 1 1 1 1 1 1 1 Y I
1 1 1 1 1 1 1 1 1 1 1 1 1 1 Y I
9 9 9 9 9 9 9 9 9 9 1 9 9 9 Y A
9 9 9 9 9 9 9 9 9 9 9 9 9 9 Y A
9 9 2 9 8 8 9 9 9 8 9 9 8 9 Y A
9 9 2 9 8 8 9 9 9 8 9 9 8 9 Y A
9 1 1 9 8 8 2 9 8 7 1 9 7 8 N E
9 1 1 9 6 7 2 9 8 7 7 5 7 7 N E
9 9 9 9 9 9 9 9 9 9 9 5 8 9 N E
9 9 9 9 9 9 9 9 8 8 9 9 7 9 N E
9 9 2 9 3 9 9 9 7 7 1 9 7 9 N E
9 9 2 9 3 8 9 9 7 7 6 9 7 8 N E
9 3 2 9 4 9 9 9 7 3 6 9 8 8 N E
9 3 2 9 4 9 9 9 6 2 2 5 8 5 N E
9 8 7 9 6 6 1 9 9 7 6 9 8 8 N E
9 2 7 8 2 5 1 5 6 4 3 3 6 5 N E
9 8 2 9 7 4 1 9 9 6 6 9 8 7 N E
9 2 2 8 5 3 1 5 6 3 1 3 5 3 N E
5 1 1 1 1 6 1 1 1 1 1 1 3 1 N E
5 1 1 1 1 5 1 1 1 1 1 1 3 1 N E
5 1 1 1 1 4 1 1 1 1 1 1 3 1 N E
5 1 1 1 1 3 1 1 1 1 1 1 3 1 Y I
5 1 1 1 1 2 1 1 1 1 1 1 1 1 N E
5 1 1 1 1 2 1 1 1 1 1 1 1 1 Y I
9 8 1 9 6 2 1 5 8 1 1 9 7 7 N E

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































209 MA 9 9 9 9 9 9 9 9 8 9 5 1 9 9 7
210 MA 9 9 9 9 9 9 9 9 8 9 5 1 9 9 9
211 MA 9 9 9 9 9 9 9 9 8 9 5 1 9 9 7
212 MA 9 9 9 9 9 9 9 9 8 9 5 1 9 9 9
213 MA 9 9 9 9 9 8 9 9 8 9 5 1 9 9 9
214 MA 9 9 9 9 9 8 9 9 8 9 5 1 9 9 9
215 MA 6 9 9 9 9 9 9 9 8 9 5 1 3 2 7
216 MA 6 9 9 9 9 9 9 9 8 9 5 1 3 2 7
217 MA 9 9 9 9 9 9 9 9 8 9 5 1 9 9 9
218 MA 9 9 9 9 9 9 9 9 8 9 5 1 9 9 9
2 1 ARC 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
2 2 ARC 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
2 3 ARC 9 9 9 9 8 8 9 9 9 9 7 9 9 9 9
2 4 ARC 9 8 9 9 8 8 9 9 9 9 7 9 9 9 9
2 5 ARC 7 6 5 1 8 7 9 8 9 9 7 1 8 9 9
2 6 ARC 6 5 5 1 8 7 9 8 9 9 7 1 8 9 7
2 7 ARC 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
2 8 ARC 9 9 9 9 9 8 9 9 9 9 9 9 9 9 9
2 9 ARC 9 8 9 9 8 8 9 8 8 8 8 9 8 9 9
2 10 ARC 9 8 9 9 8 8 9 8 8 8 8 9 8 9 9
2 11 ARC 8 6 8 9 3 8 9 7 6 8 7 9 7 9 9
2 12 ARC 7 5 8 9 3 7 7 7 6 8 7 9 7 6 9
2 13 ARC 8 7 9 1 4 9 5 5 6 7 7 1 7 7 5
2 14 ARC 7 6 2 1 1 6 2 4 6 7 7 1 2 4 4
2 15 ARC 7 6 9 1 4 6 3 5 8 5 1 1 7 5 5
2 16 ARC 3 2 2 1 2 5 1 5 7 3 1 1 3 5 3
2 17 ARC 1 1 5 1 2 1 2 2 3 3 1 1 1 1 1
2 18 ARC 1 1 1 1 2 1 2 2 3 3 1 1 1 1 1
2 19 ARC 3 1 5 1 1 1 1 2 1 3 1 1 1 1 1
2 20 ARC 2 1 1 1 1 1 1 2 1 3 1 1 1 1 1
2 21 ARC 1 1 5 1 1 2 2 1 1 3 1 1 1 1 1
2 22 ARC 2 1 1 1 1 2 2 1 1 3 1 1 1 1 1
2 23 ARC 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
2 24 ARC 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
2 25 ARC 8 9 9 9 8 8 9 8 9 9 7 1 9 9 9
2 26 ARC 7 9 9 9 8 8 9 8 9 9 7 1 9 9 9
2 27 ARC 8 7 4 1 9 7 7 8 9 9 7 5 9 8 8
2 28 ARC 7 5 4 1 5 7 9 8 9 9 7 5 9 8 6
2 29 ARC 9 9 9 9 9 9 9 8 9 9 9 9 9 9 9
2 30 ARC 8 9 9 9 9 8 9 8 9 9 9 9 9 9 9
2 31 ARC 8 7 8 9 7 8 9 8 9 8 8 9 9 9 8
2 32 ARC 8 7 8 9 7 8 9 8 9 8 8 9 9 9 8
2 33 ARC 7 6 8 7 6 7 9 7 6 8 7 9 8 8 7
2 34 ARC 5 4 8 5 4 5 7 7 6 6 7 9 5 5 5
2 35 ARC 8 7 9 1 6 8 3 3 8 7 7 1 7 7 4
2 36 ARC 5 3 1 1 4 4 1 3 4 3 7 7 1 4 2
2 37 ARC 6 5 9 1 5 5 2 3 7 5 5 4 7 5 3
2 38 ARC 4 1 1 1 1 3 1 3 5 5 5 1 3 3 1
2 39 ARC 1 1 5 1 4 1 2 1 1 3 5 1 1 1 1
2 40 ARC 1 1 1 1 4 1 2 1 1 3 5 1 1 1 1
2 41 ARC 1 1 5 1 1 1 1 1 1 3 5 1 1 1 1
2 42 ARC 1 1 1 1 1 1 1 1 1 3 5 1 1 1 1
2 43 ARC 1 1 5 1 1 2 1 1 1 3 1 1 1 1 1
2 44 ARC 1 1 1 1 1 2 1 1 1 3 1 1 1 1 1
2 45 ARC 9 9 9 9 7 9 9 9 9 9 9 9 9 9 9
2 46 ARC 9 9 9 9 7 9 9 9 9 9 9 9 9 9 9
2 47 ARC 9 9 9 9 7 8 9 8 9 9 7 9 9 9 9
2 48 ARC 8 9 9 9 7 8 8 8 9 9 7 9 9 9 9
2 49 ARC 7 7 4 1 4 7 9 9 9 9 7 2 9 8 6
2 50 ARC 6 6 4 1 4 7 9 9 9 9 7 2 9 8 5
2 51 ARC 9 9 9 9 8 9 9 9 9 8 9 9 9 9 9
2 52 ARC 9 9 9 9 5 8 9 9 9 8 9 9 9 9 9
2 53 ARC 8 7 8 9 7 8 9 8 6 7 5 9 9 9 9
2 54 ARC 8 7 8 9 7 8 9 8 4 7 5 9 9 9 9
2 55 ARC 7 6 8 9 6 7 9 7 5 7 5 9 6 9 6
2 56 ARC 6 4 8 9 4 7 7 7 5 7 5 9 5 7 4
2 57 ARC 7 7 9 1 6 8 3 8 7 7 7 1 7 8 7
2 58 ARC 6 3 1 1 4 5 1 8 6 7 7 1 1 3 2
2 59 ARC 7 6 9 1 1 8 6 8 6 5 5 1 7 8 7
2 60 ARC 3 3 1 1 1 3 2 8 3 5 5 1 1 3 2
2 61 ARC 1 1 5 1 6 1 3 1 1 2 1 1 1 1 1
2 62 ARC 1 1 1 1 6 1 3 1 1 2 1 1 1 1 1
9 9 9 9 9 6 9 7 9 9 9 9 6 9 Y A
9 9 9 9 9 6 9 7 9 9 9 9 6 9 Y A
9 9 9 9 9 6 9 7 9 9 9 9 7 9 Y A
9 9 9 9 9 6 9 7 9 9 9 9 7 9 Y A
9 9 8 9 9 6 9 7 9 9 9 9 7 9 Y A
9 9 8 9 9 6 9 7 9 9 9 9 7 9 Y A
5 5 9 3 5 7 9 5 5 9 9 5 4 7 N E
5 5 9 3 5 7 9 5 5 9 9 5 4 7 N E
9 9 9 9 9 9 9 8 9 9 9 9 9 9 Y A
9 9 9 9 9 9 9 8 9 9 9 9 9 9 Y A
9 9 9 9 9 9 9 9 9 9 1 9 9 9 Y A
9 9 9 9 9 9 9 9 9 9 9 9 9 9 Y A
9 9 9 9 8 9 9 8 9 8 9 9 8 9 Y A
9 9 9 9 8 9 9 7 9 8 9 9 7 9 Y A
9 1 2 9 8 8 5 7 8 7 7 8 8 8 N E
9 1 2 9 6 7 5 7 8 7 8 7 7 7 N E
9 9 9 9 9 9 8 9 9 9 9 9 9 9 Y A
9 9 9 9 9 9 6 9 8 8 9 9 8 9 Y A
9 9 1 9 7 8 9 8 8 8 8 9 9 8 Y A
9 9 1 9 7 8 9 8 8 8 7 9 9 8 Y A
8 7 1 9 5 8 8 7 8 7 7 9 7 8 N E
8 7 1 9 5 7 7 6 7 7 8 9 6 7 N E
9 7 7 7 6 7 6 5 9 7 7 9 7 7 N E
5 1 7 3 4 4 2 5 5 3 4 4 4 4 N E
9 5 1 7 5 6 2 5 9 6 7 8 7 6 N E
7 1 1 3 4 3 1 5 5 4 5 4 4 3 N E
1 1 9 1 1 1 1 1 1 1 3 1 1 1 Y I
1 1 9 1 1 1 1 1 1 1 1 1 2 1 Y I
1 1 1 1 1 1 1 1 1 1 1 1 1 1 Y I
1 1 1 1 1 1 1 1 1 1 1 1 1 1 Y I
1 1 9 1 1 1 1 1 1 1 2 1 2 1 Y I
1 1 9 1 1 1 1 1 1 1 1 1 2 1 Y I
9 9 9 9 9 9 9 9 8 7 9 9 9 9 Y A
9 9 9 9 9 9 9 9 8 7 9 9 9 9 Y A
9 7 8 9 8 9 9 9 7 9 9 9 8 9 Y A
9 7 8 9 8 9 9 9 7 9 9 9 8 9 Y A
9 1 7 9 8 7 7 9 7 7 7 7 7 7 N E
9 1 7 9 6 7 7 9 7 7 8 7 6 7 N E
9 8 9 9 9 9 9 7 8 7 9 9 9 9 Y A
9 8 9 9 9 9 9 7 7 5 9 9 8 9 Y A
9 9 2 9 8 8 9 9 6 9 7 8 8 8 Y A
9 9 2 9 8 8 9 9 6 9 7 8 8 8 Y A
9 6 3 8 6 7 7 5 7 5 8 6 7 7 N E
9 6 3 7 6 6 6 5 5 5 6 5 6 6 N E
1 1 5 7 6 7 5 7 7 7 7 6 7 7 N E
1 1 5 5 3 4 3 7 4 4 4 3 6 4 N E
1 1 1 7 5 5 3 6 7 5 6 6 7 5 N E
1 1 1 4 2 3 2 6 4 3 5 3 4 3 N E
1 1 1 1 1 1 1 1 1 2 2 1 4 1 N E
1 1 1 1 1 1 1 1 1 2 2 1 2 1 Y I
1 1 1 1 1 1 1 1 1 2 2 1 3 1 Y I
1 1 1 1 1 1 1 1 1 2 2 1 3 1 Y I
1 1 2 1 1 1 1 1 1 2 1 1 3 1 Y I
1 1 2 1 1 1 1 1 1 2 1 1 3 1 Y I
9 9 9 9 9 9 9 9 9 7 1 9 9 9 Y A
9 9 9 9 9 9 9 9 9 7 9 9 9 9 Y A
9 9 7 9 8 9 9 7 8 9 9 9 8 9 Y A
9 9 7 9 8 9 9 7 8 9 9 9 8 9 Y A
9 1 2 9 8 7 7 9 7 7 7 5 7 7 N E
9 1 2 8 6 7 6 9 7 7 7 5 6 7 N E
9 9 9 9 9 9 9 9 9 8 9 9 9 9 Y A
9 9 9 9 9 9 9 9 8 6 9 9 8 9 Y A
9 9 9 9 8 9 9 9 8 7 8 9 8 9 Y A
9 9 9 9 8 9 9 9 8 7 8 9 8 9 Y A
9 8 5 9 7 7 4 9 8 5 9 9 7 7 N E
9 8 5 9 7 7 4 7 7 5 9 7 6 7 N E
3 8 7 8 7 7 6 9 7 7 7 8 7 7 N E
3 5 7 7 5 5 4 9 5 5 6 5 6 5 N E
3 8 5 7 6 7 2 9 7 7 7 7 7 7 N E
1 1 5 6 2 3 1 9 5 3 5 3 4 3 N E
1 1 1 1 1 1 1 1 1 1 2 1 3 1 Y I














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1 8 5 8 5 5 3 6 8 2
1 2 5 5 2 1 1 6 4 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 2 1 1 1 1 1 1 1
1 1 2 1 1 1 1 1 1 1
5 9 1 6 3 2 1 2 5 1
5 9 1 6 3 2 1 2 5 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 2
1 1 1 1 1 1 1 1 1 2
1 1 2 1 2 1 1 2 1 2
1 1 2 1 2 1 1 3 1 2
1 9 9 1 2 2 5 3 2 2
1 9 9 1 3 3 5 3 2 2
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 9 1 3 2 1 2 2 2
1 1 9 1 3 2 1 2 2 2
2 6 8 1 5 2 3 2 2 2
2 6 8 1 5 4 6 4 3 4
4 5 2 5 4 5 6 5 1 5
5 5 2 7 8 7 7 5 5 7
4 8 9 5 5 5 8 5 1 5
5 9 9 7 7 7 9 5 5 7
9 9 1 9 8 8 9 9 9 9
9 9 1 9 9 9 9 9 9 9
9 9 9 9 9 9 9 9 9 9
9 9 9 9 9 9 9 9 9 9
9 9 1 9 9 9 9 9 9 9
9 9 1 9 9 9 9 9 9 9
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 2 1 2 1 1 1 1 1
1 1 2 1 2 1 1 1 1 1
1 1 4 1 3 1 1 1 1 1
1 1 4 1 2 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 8 1 2 1 1 1 1 1
1 1 8 1 2 1 1 1 1 1
1 1 2 1 5 1 1 1 1 1
1 1 2 1 5 1 1 1 1 1
1 1 2 2 3 2 1 1 1 1
1 1 3 3 3 3 2 3
1 9 2 3 2 1 2 2 1
1 1 9 3 5 3 2 2 1
1 1 9 3 3 2 1 1 2 1
1 1 9 3 3 2 1 1 2 1
1 1 9 3 3 3 1 1 2 2
1 1 9 3 3 3 1 1 2 2
1 1 4 3 3 2 1 1 2 2
1 1 4 3 3 2 1 1 2 2
1 1 1 1 1 1 1 1 1 2
1 1 1 1 1 1 1 1 1 2
1 1 3 1 2 1 1 1 1 2
1 3 1 2 1 1 1 1 2
1 1 3 1 2 2 1 1 1
1 1 4 1 3 2 1 2 1
1 1 1 1 1 1 1 1 2 2
1 1 1 1 1 1 1 1 1 2
1 1 1 1 1 1 1 1 1 2
1 1 1 1 1 1 1 1 2
1 1 8 1 3 2 2 2 2 2
1 1 8 1 3 2 2 2 2 2
1 1 3 2 3 2 3 2 2 2
1 1 3 3 3 3 3 2 3 3
1 1 9 2 4 3 4 3 2 3
1 1 9 4 4 4 5 3 3 4
6 1 5 5 N E
1 3 1 N E
1 2 1 Y I
1 2 1 Y I
1 2 1 Y I
1 2 1 Y I
1 1 1 Y I
1 1 1 Y I
5 6 2 N E
5 6 2 N E
1 1 1 Y I
1 1 1 Y I
1 1 1 Y I
1 1 1 Y I
1 2 1 Y I
1 3 1 Y I
2 2 2 N E
2 3 3 N E
1 2 1 Y I
1 2 1 Y I
1 2 2 Y I
1 2 2 Y I
2 3 2 N E
4 4 4 N E
3 4 5 N E
7 6 7 N E
3 5 5 N E
8 7 7 N E
9 8 8 Y A
9 9 9 Y A
9 9 9 Y A
9 9 9 Y A
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205 MA 6 7 9 9 9 8 9 9 7 6 7 8 5 3 8
206 MA 6 8 9 9 9 7 9 9 7 6 7 8 9 6 8
207 MA 6 8 9 9 9 8 8 9 7 6 7 8 5 3 7
208 MA 7 9 9 9 9 8 9 9 7 6 8 8 9 6 8
209 MA 9 9 9 9 9 9 9 9 8 9 9 9 9 9 7
210 MA 9 9 9 9 9 9 9 9 8 9 9 9 9 9 9
211 MA 9 9 9 9 9 9 9 9 8 9 9 9 9 9 7
212 MA 9 9 9 9 9 9 9 9 8 9 9 9 9 9 9
213 MA 9 9 9 9 9 8 9 9 8 9 9 9 9 9 9
214 MA 9 9 9 9 9 8 9 9 8 9 9 9 9 9 9
215 MA 6 9 9 9 9 9 9 9 8 9 8 7 3 2 7
216 MA 6 9 9 9 9 9 9 9 8 9 8 7 3 2 7
217 MA 9 9 9 9 9 9 9 9 8 9 9 9 9 9 9
218 MA 9 9 9 9 9 9 9 9 8 9 9 9 9 9 9
9 5 7 2 6 7 7 4 3 9 8 9 5 7 N E
9 8 7 5 7 8 8 4 4 9 9 9 6 8 N E
9 9 8 3 6 8 8 4 3 8 9 9 6 8 N E
9 9 8 6 8 9 9 4 4 9 9 9 7 9 N E
9 9 9 9 9 9 9 7 9 9 9 9 8 9 Y A
9 9 9 9 9 9 9 7 9 9 9 9 8 9 Y A
9 9 9 9 9 9 9 7 9 9 9 9 7 9 Y A
9 9 9 9 9 9 9 7 9 9 9 9 7 9 Y A
9 9 8 9 9 9 9 7 9 9 9 9 7 9 Y A
9 9 8 9 9 9 9 7 9 9 9 9 7 9 Y A
5 5 9 3 8 8 9 8 5 9 9 7 4 8 N E
5 5 9 3 8 8 9 8 5 9 9 7 4 8 N E
9 9 9 9 9 9 9 8 9 9 9 9 9 9 Y A


















SCOTTISH AUDIT OF THE SURGICAL MANAGEMENT

















Date of operation / /
Disease severity details
Rest pain yes / no (circle one)












Angiogram score ABCDEFGHIJKLM (circle one)
284
APPENDIX 5
Retrospective sample of operations and categorisation by appropriateness
285
spital Sex Operation Rest pain Tissue loss Site Severity Vein available Angiogram Scenario Appropria
1 F ARC Y N N/A N/A Y B 3 A
1 F ARC Y Y digital N/A Y A 89 A
1 F ARC Y N N/A N/A N D 8 A
1 F ARC Y Y digital N/A Y G 101 E
1 M ARC Y N N/A N/A N G 14 E
1 M ARC Y Y digital N/A Y H 103 E
1 M ARC Y N N/A N/A Y D 7 A
1 F ARC Y N N/A N/A Y B 3 A
1 M ARC Y N N/A N/A Y H 15 E
1 M ARC Y Y forefoot superficial Y G 127 E
1 M ARC Y N N/A N/A Y B 3 A
1 M ARC Y N N/A N/A Y D 7 A
1 M ARC Y Y heel superficial Y B 143 A
1 F ARC Y Y digital N/A Y G 101 E
1 F ARC Y N N/A N/A Y A 1 A
1 M ARC Y Y digital N/A Y D 95 A
1 F ARC Y N N/A N/A Y G 13 E
1 M ARC Y Y forefoot superficial Y C 119 E
1 M ARC Y Y digital N/A Y J 41 I
1 M ARC Y Y digital N/A Y A 89 A
1 M MA Y N N/A N/A Y I 17 A
1 F MA Y Y digital N/A Y D 95 I
1 M MA Y N N/A N/A Y I 17 A
1 M MA Y Y digital N/A Y J 107 E
1 M MA Y Y forefoot superficial Y G 127 E
1 F MA Y N N/A N/A Y K 21 A
1 F MA Y Y digital N/A Y C 93 E
1 F MA Y N N/A N/A Y D 7 I
1 F MA Y Y heel superficial Y D 147 1
1 F MA Y Y heel superficial Y G 153 E
1 M MA Y Y forefoot ddep Y G 179 E
1 M MA Y N N/A N/A Y K 21 A
1 M MA Y Y digital N/A Y G 101 E
1 M MA Y Y midfoot superficial Y C 145 E
1 M MA Y Y digital N/A Y K 109 E
1 M MA Y Y digital N/A Y D 95 1
1 F MA Y N N/A N/A Y F 11 E
1 F MA Y N N/A N/A Y G 13 E
1 F MA Y Y heel deep Y G 205 E
1 F MA Y Y digital N/A Y G 101 E
2 F ARC Y N N/A N/A Y B 3 A
2 F ARC Y Y forefoot superficial Y F 125 E
2 F ARC Y Y digital N/A Y D 95 A
2 ARC Y N N/A N/A Y B 3 A
2 F ARC Y Y forefoot deep Y D 173 A
2 F ARC Y N N/A N/A Y G 13 E
2 ARC Y Y digital N/A Y F 99 E
2 F ARC Y Y digital N/A Y D 95 A
2 F ARC Y Y midfoot deep Y G 205 E
2 F ARC Y Y digital N/A Y D 95 A
2 F ARC Y N N/A N/A Y G 13 E
2 F ARC Y N N/A N/A Y E 9 E
2 ARC Y Y heel deep Y G 205 E
2 ARC Y N N/A N/A Y A 1 A
2 F ARC Y N N/A N/A Y G 13 E
2 F ARC Y Y midfoot superficial Y G 153 E
2 M ARC Y Y digital N/A Y G 101 E
2 M ARC Y N N/A N/A Y D 7 A
2 M ARC Y Y digital N/A Y K 43 i
2 M ARC Y N N/A N/A Y A 1 A
2 F MA Y N N/A N/A Y I 17 A
2 F MA Y N N/A N/A Y I 17 A
2 F MA Y Y digital N/A Y G 101 E
2 M MA Y N N/A N/A Y D 7 1
2 M MA Y Y digital N/A Y D 95 1
2 M MA Y Y heel deep Y K 213 A
2 M MA Y Y digital N/A Y G 101 E
2 M MA Y Y forefoot superficial Y D 121 1
2 M MA Y N N/A N/A Y I 17 A
2 M MA Y Y forefoot superficial Y K 135 A
2 M MA Y Y digital N/A Y G 101 E
2 F MA Y Y heel superficial Y D 147 I
2 M MA Y Y midfoot deep Y K 213 A
2 M MA Y Y digital N/A Y G 101 E
2 M MA Y N N/A N/A Y J 19 A
2 M MA Y Y heel superficial Y G 153 E
2 F MA Y Y digital N/A Y D 95 I
2 F MA Y N N/A N/A Y D 7 I
2 M MA Y N N/A N/A Y K 21 A
2 M MA Y Y heel deep Y G 205 E
3 F ARC Y N N/A N/A Y C 5 E
3 M ARC Y N N/A N/A Y D 7 A
3 F ARC Y N N/A N/A Y D 7 A
3 M ARC Y Y heel superficial Y G 153 E
3 M ARC Y N N/A N/A Y B 3 A
3 F ARC Y Y digital N/A Y D 95 A
3 M ARC Y Y digital N/A Y G 101 E
3 M ARC Y N N/A N/A Y G 13 E
3 M ARC Y Y forefoot superficial Y D 121 A
3 M ARC Y N N/A N/A Y D 7 A
3 M ARC Y Y forefoot superficial Y A 115 A
3 F ARC Y N N/A N/A Y E 9 E
3 M ARC Y N N/A N/A Y D 7 A
3 M ARC Y N N/A N/A Y H 15 E
3 F ARC Y Y digital N/A Y G 101 E
3 M ARC Y N N/A N/A Y D 7 A
3 F ARC Y N N/A N/A Y G 13 E
3 F ARC Y Y heel superficial Y D 147 A
3 M ARC Y Y forefoot superficial Y G 127 E
3 M ARC Y Y digital N/A Y K 43 I
3 F MA Y N N/A N/A Y K 21 A
3 F MA Y Y digital N/A Y K 109 E
3 F MA Y Y heel superficial Y B 143 I
3 M MA Y Y heel superficial Y K 161 A
3 F MA Y N N/A N/A Y K 21 A
3 F MA Y Y heel deep Y K 213 A
3 M MA Y N N/A N/A Y K 21 A
3 F MA Y Y forefoot superficial Y J 133 A
3 M MA Y N N/A N/A Y K 21 A
3 M MA Y Y forefoot superficial Y C 119 E
3 F MA Y Y digital N/A Y F 99 E
3 M MA Y Y heel superficial Y G 153 E
3 M MA Y Y forefoot superficial Y G 127 E
3 M MA Y Y digital N/A Y K 109 E
3 M MA Y Y digital N/A Y D 95 I
3 M MA Y Y digital N/A Y 1 105 E
3 F MA Y Y digital N/A Y B 91 I
3 M MA Y Y forefoot superficial Y C 119 E
3 F MA Y Y digital N/A Y G 101 E
4 M ARC Y Y digital N/A Y D 95 A
4 F ARC Y Y digital N/A Y D 95 A
4 M ARC Y N N/A N/A Y A 1 A
4 M ARC Y N N/A N/A Y D 7 A
4 M ARC Y N N/A N/A Y D 7 A
4 M ARC Y N N/A N/A Y D 7 A
4 F ARC Y Y digital N/A Y D 95 A
4 M ARC Y Y heel superficial Y B 143 A
4 M ARC Y N N/A N/A Y A 1 A
4 F ARC Y N N/A N/A Y D 7 A
4 M ARC Y Y digital N/A Y A 89 A
4 M ARC Y Y digital N/A Y B 91 A
4 M ARC Y Y digital N/A Y D 95 A
4 F ARC Y Y digital N/A Y G 101 E
4 M ARC Y N N/A N/A Y G 13 E
4 M ARC Y N N/A N/A Y G 13 E
4 M ARC Y N N/A N/A Y C 5 E
4 M ARC Y Y digital N/A Y G 101 E
4 M ARC Y N N/A N/A Y D 7 A
4 M ARC Y Y forefoot superficial Y D 121 A
4 F MA Y Y heel deep Y G 205 E
4 F MA Y Y heel superficial Y D 147 I
4 F MA Y N N/A N/A Y K 21 A
4 M MA Y Y heel deep Y M 217 A
4 M MA Y N N/A N/A Y G 13 E
4 F MA Y N N/A N/A Y G 13 E
4 F MA Y Y digital N/A Y L 111 E
4 M MA Y Y heel deep Y G 205 E
4 M MA Y Y digital N/A Y D 95 I
4 F MA Y N N/A N/A Y D 7 I
4 F MA Y Y heel superficial Y M 165 A
4 F MA Y N N/A N/A Y K 21 A
4 M MA Y Y digital N/A Y L 111 E
4 F MA Y Y heel superficial Y 1 157 E
4 M MA Y Y heel superficial Y B 143 1
4 F MA Y N N/A N/A Y G 13 E
4 M MA Y N N/A N/A Y D 7 1
4 F MA Y Y digital N/A Y D 95 1
4 M MA Y Y digital N/A Y G 101 E
4 M MA Y Y digital N/A Y 1 105 E
5 F ARC Y Y heel superficial Y D 147 A
5 F ARC Y Y forefoot superficial Y D 121 A
5 F ARC Y Y digital N/A Y D 95 A
5 M ARC Y Y digital N/A Y D 95 A
5 F ARC Y N N/A N/A Y B 3 A
5 M ARC Y Y digital N/A Y G 101 E
5 F ARC Y N N/A N/A Y D 7 A
5 F ARC Y N N/A N/A Y A 1 A
5 F ARC Y Y digital N/A Y D 95 A
5 F ARC Y N N/A N/A Y D 7 A
5 M ARC Y Y heel superficial Y A 141 A
5 F ARC Y Y digital N/A Y G 101 E
5 M ARC Y Y digital N/A N D 96 A
5 M ARC Y N N/A N/A Y G 13 E
5 M ARC Y Y heel superficial Y F 151 E
5 F ARC Y Y heel superficial Y G 153 E
5 M ARC Y N N/A N/A Y G 13 E
5 M ARC Y N N/A N/A Y A 1 A
5 F ARC Y N N/A N/A Y G 13 E
5 M ARC Y N N/A N/A Y G 13 E
5 M MA Y Y digital N/A Y K 109 E
5 M MA Y N N/A N/A Y 1 17 A
5 F MA Y N N/A N/A Y K 21 A
5 M MA Y N N/A N/A Y K 21 A
5 M MA Y Y digital N/A Y F 99 E
5 F MA Y Y digital N/A Y K 109 E
5 F MA Y Y digital N/A Y G 101 E
5 M MA Y Y digital N/A Y F 99 E
5 F MA Y Y digital N/A Y D 95 1
5 M MA Y Y heel superficial Y J 159 A
5 M MA Y Y heel superficial Y K 161 A
5 M MA Y N N/A N/A Y K 21 A
5 M MA Y Y heel superficial Y K 161 A
5 F MA Y Y digital N/A Y G 101 E
5 F MA Y Y heel superficial Y M 165 A
5 M MA Y Y heel superficial Y B 143 1
5 F MA Y N N/A N/A Y G 13 E
5 F MA Y Y digital N/A Y D 95 1
5 M MA Y N N/A N/A Y K 21 A
5 F MA Y Y digital N/A Y D 95 1
6 M ARC Y N N/A N/A Y A 1 A
6 M ARC Y N N/A N/A Y G 13 E
6 M ARC Y Y heel superficial Y G 153 E
6 M ARC Y N N/A N/A Y D 7 A
6 M ARC Y N N/A N/A Y D 7 A
6 F ARC Y Y digital N/A Y C 93 E
6 M ARC Y Y digital N/A Y G 101 E
6 F ARC Y N N/A N/A Y C 5 E
6 F ARC Y Y digital N/A Y G 101 E
6 F ARC Y Y digital N/A Y D 95 A
6 M ARC Y N N/A N/A Y C 5 E
6 F ARC Y Y digital N/A Y G 101 E
6 M ARC Y N N/A N/A Y H 15 E
6 F ARC Y N N/A N/A Y D 7 A
6 M ARC Y N N/A N/A Y A 1 A
6 F ARC Y Y forefoot superficial Y F 125 E
6 F ARC Y Y forefoot superficial Y D 121 A
6 M ARC Y Y heel superficial Y G 153 E
6 M ARC Y Y heel deep Y G 205 E
6 F ARC Y Y forefoot deep Y D 173 A
6 M MA Y N N/A N/A Y 1 17 A
6 M MA Y N N/A N/A Y 1 17 A
6 M MA Y Y forefoot superficial Y K 135 A
6 F MA Y Y digital N/A Y G 101 E
6 F MA Y Y digital N/A Y D 95 I
6 M MA Y N N/A N/A Y G 13 E
6 M MA Y N N/A N/A Y F 11 E
6 F MA Y N N/A N/A Y D 7 I
6 M MA Y N N/A N/A Y D 7 I
6 F MA Y N N/A N/A Y K 21 A
6 F MA Y N N/A N/A Y 1 17 A
6 M MA Y N N/A N/A Y K 21 A
6 M MA Y Y digital N/A Y 1 105 E
6 M MA Y Y forefoot superficial Y F 125 E
6 F MA Y N N/A N/A Y D 7 I
6 F MA Y Y heel superficial Y D 147 I
6 F MA Y N N/A N/A Y K 21 A
6 M MA Y N N/A N/A Y K 21 A
6 M MA Y Y digital N/A Y D 95 I
6 M MA Y N N/A N/A Y 1 17 A
7 F ARC Y Y heel superficial Y G 153 E
7 M ARC Y N N/A N/A Y D 7 A
7 M ARC Y Y heel superficial Y E 149 E
7 M ARC Y Y heel superficial Y D 147 A
7 F ARC Y N N/A N/A Y A 1 A
7 M ARC Y Y digital N/A Y D 95 A
7 M ARC Y Y digital N/A Y D 95 A
7 F ARC Y Y digital N/A Y D 95 A
7 M ARC Y N N/A N/A Y D 7 A
7 F ARC Y Y digital N/A Y D 95 A
7 M ARC Y N N/A N/A Y D 7 A
7 M ARC Y Y forefoot deep Y B 169 A
7 F ARC Y Y heel deep Y G 205 E
7 F ARC Y Y heel superficial Y D 147 A
7 M ARC Y Y forefoot deep Y D 173 A
7 M ARC Y Y digital N/A Y D 95 A
7 M ARC Y N N/A N/A Y D 7 A
7 M ARC Y N N/A N/A Y H 15 E
7 F ARC Y N N/A N/A Y A 1 A
7 M ARC Y N N/A N/A Y D 7 A
7 M MA Y Y digital N/A Y 1 105 E
7 M MA Y Y digital N/A Y 1 105 E
7 M MA Y Y midfoot superficial Y G 153 E
7 F MA Y N N/A N/A Y D 7 I
7 F MA Y Y digital N/A Y B 91 I
7 F MA Y Y forefoot superficial Y K 135 A
7 M MA Y N N/A N/A Y 1 17 A
7 F MA Y N N/A N/A Y K 21 A
7 M MA Y N N/A N/A Y K 21 A
7 M MA Y Y forefoot superficial Y 1 131 E
7 F MA Y N N/A N/A Y G 13 E
7 M MA Y Y forefoot deep Y G 179 E
7 F MA Y Y heel superficial Y D 147 1
7 F MA Y N N/A N/A Y K 21 A
7 M MA Y N N/A N/A Y K 21 A
7 M MA Y N N/A N/A Y K 21 A
7 M MA Y N N/A N/A Y F 11 E
7 M MA Y N N/A N/A Y G 13 E
7 M MA Y N N/A N/A Y D 7 i
7 M MA Y N N/A N/A Y F 11 E
8 F ARC Y N N/A N/A Y D 7 A
8 M ARC Y N N/A N/A Y H 15 E
8 M ARC Y N N/A N/A Y F 11 E
8 M ARC Y N N/A N/A Y E 9 E
8 M ARC Y Y forefoot superficial Y J 63 1
8 M ARC Y Y digital N/A N K 110 1
8 M ARC Y Y forefoot superficial Y D 121 A
8 M ARC Y Y digital N/A Y H 103 E
8 F ARC Y Y digital N/A Y F 99
E
8 F ARC Y N N/A N/A Y
B 3 A
8 M ARC Y N N/A N/A Y
D 7 A
8 M ARC Y N N/A N/A Y B
3 A
8 M ARC Y N N/A N/A Y D
7 A
8 M ARC Y Y digital N/A Y C 93 E
8 F ARC Y Y heel deep Y G 205
E
8 M ARC Y N N/A N/A N G
14 E
8 M ARC Y Y digital N/A Y B 91 A
8 M ARC Y Y digital N/A Y D 95 A
8 F ARC Y Y heel superficial Y G 153 E
8 M ARC Y N N/A N/A Y C 5 E
8 M MA Y N N/A N/A Y K 21
A
8 M MA Y Y digital N/A Y M 113 A
8 F MA Y Y digital N/A Y K 109 E
8 M MA Y N N/A N/A Y G 13
E
8 M MA Y Y digital N/A Y 1 105 E
8 F MA Y Y digital N/A Y K 109 E
8 M MA Y N N/A N/A Y 1 17 A
8 F MA Y Y digital N/A Y K 109 E
8 F MA Y Y digital N/A Y G 101 E
8 M MA Y Y digital N/A Y G 101 E
8 M MA Y N N/A N/A Y C 5 E
8 F MA Y Y digital N/A Y D 95 I
8 M MA Y Y digital N/A Y K 109 E
8 F MA Y Y heel deep Y F 203 E
8 F MA Y Y digital N/A Y D 95 I
8 M MA Y N N/A N/A Y K 21 A
8 M MA Y N N/A N/A Y F 11 E
8 F MA Y Y heel superficial Y D 147 I
8 M MA Y Y heel superficial Y B 143 I
8 F MA Y Y heel superficial Y B 143 1
9 M ARC Y Y heel superficial Y G 153 E
9 F ARC Y Y digital N/A Y B 91 A
9 M ARC Y N N/A N/A Y G 13 E
9 F ARC Y Y digital N/A Y G 101 E
9 F ARC Y Y digital N/A Y G 101 E
9 M ARC Y Y heel superficial Y C 145 E
9 F ARC Y N N/A N/A Y C 5 E
9 M ARC Y Y digital N/A N K 110 1
9 F ARC Y N N/A N/A Y D 7 A
9 F ARC Y N N/A N/A Y G 13 E
9 M ARC Y N N/A N/A Y F 11 E
9 M ARC Y N N/A N/A Y G 13 E
9 M ARC Y N N/A N/A Y F 11 E
9 M ARC Y Y forefoot superficial Y C 119 E
9 M ARC Y N N/A N/A Y H 15 E
9 M ARC Y Y heel superficial Y G 153 E
9 M ARC Y N N/A N/A Y D 7 A
9 M ARC Y Y digital N/A Y H 103 E
9 M ARC Y Y heel superficial Y G 153 E
9 M ARC Y Y digital N/A Y C 93 E
9 F MA Y Y digital N/A Y G 101 E
9 M MA Y Y digital N/A Y L 111 E
9 M MA Y Y digital N/A Y A 89 1
9 F MA Y Y digital N/A Y F 99 E
9 M MA Y Y digital N/A Y G 101 E
9 M MA Y Y heel superficial Y B 143 1
9 M MA Y N N/A N/A Y K 21 A
9 F MA Y Y heel superficial Y K 161 A
9 M MA Y Y forefoot superficial Y K 135 A
9 M MA Y Y digital N/A Y K 109 E
9 M MA Y Y digital N/A Y 1 105 E
9 F MA Y Y digital N/A Y F 99 E
9 M MA Y N N/A N/A Y 1 17 A
9 M MA Y Y heel deep Y G 205 E
9 F MA Y Y digital N/A Y D 95 1
9 F MA Y N N/A N/A Y D 7 1
9 M MA Y Y heel superficial Y J 159 A
9 M MA Y Y heel deep Y G 205 E
9 F MA Y Y heel superficial Y G 153 E
9 F MA Y N N/A N/A Y D 7 1
10 M ARC Y N N/A N/A Y B 3 A
10 F ARC Y N N/A N/A Y G 13 E
10 F ARC Y N N/A N/A Y G 13 E
10 M ARC Y N N/A N/A Y G 13 E
10 M ARC Y Y digital N/A Y F 99 E
10 M ARC Y N N/A N/A Y H 15 E
10 M ARC Y N N/A N/A Y D 7 A
10 F ARC Y Y heel superficial Y D 147 A
10 F ARC Y Y digital N/A Y C 93 E
10 F ARC Y Y heel superficial Y G 153 E
10 M ARC Y Y heel superficial Y C 145 E
10 M ARC Y N N/A N/A Y G 13 E
10 M ARC Y N N/A N/A Y G 13 E
10 F ARC Y Y forefoot superficial N J 134 i
10 M ARC Y Y digital N/A Y H 103 E
10 M ARC Y Y digital N/A Y H 103 E
10 M ARC Y Y digital N/A Y G 101 E
10 M ARC Y N N/A N/A Y G 13 E
10 M ARC Y Y digital N/A Y D 95 A
10 M ARC Y Y digital N/A Y E 97 E
10 F MA Y N N/A N/A Y J 19 A
10 M MA Y Y forefoot superficial Y K 135 A
10 M MA Y N N/A N/A Y I 17 A
10 M MA Y Y midfoot deep Y K 213 A
10 M MA Y Y heel deep Y D 199 E
10 M MA Y Y digital N/A Y G 101 E
10 F MA Y Y digital N/A Y G 101 E
10 M MA Y Y heel superficial Y L 163 E
10 M MA Y N N/A N/A Y G 13 E
10 F MA Y Y heel superficial Y G 153 E
10 F MA Y Y digital N/A Y G 101 E
10 M MA Y N N/A N/A N G 14 E
10 F MA Y Y heel superficial Y I 157 E
10 F MA Y Y heel deep Y F 203 E
10 F MA Y N N/A N/A Y F 11 E
10 M MA Y Y digital N/A Y A 89 I
10 F MA Y N N/A N/A Y D 7 I
10 M MA Y Y forefoot deep Y D 173 I
10 M MA Y Y heel superficial Y B 143 I
10 M MA Y N N/A N/A Y D 7 I
1
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Declining Incidence of Amputation for Arterial Disease in Scotland
J. P. Pell1, F. G. R. Fowkes1, C. V. Ruckley2, J. Clarke3, S. Kendrick3 and J. H. Boyd3
1
Wolfson Unit for Prevention of Peripheral Vascular Diseases, University of Edinburgh, zDepartment of Surgery,
Edinburgh Royal Infirmary, 3Information and Statistics Division, Common Services Agency, U.K.
Objectives: To determine time trends and geographical variations in the incidence of major amputation for peripheral
arterial disease and whether lower rates of amputation were related to higher rates of arterial reconstruction.
Design: Analysis of Scottish hospital discharge data.
Setting: Scotland 1981-1990.
Materials: Patients undergoing major amputation or arterial reconstruction for peripheral arterial disease.
Chief outcome measures: Time trends in age-sex standardised rates of major amputation and arterial reconstruction, and
correlation between the rates of these operations by health board.
Main results: In Scotland, between 1981 and 1990, the incidence of major amputation fell by 22% (p < 0.001).
Inconsistencies were observed within different age-sex groups. In the population under 65 years of age the incidence of
amputation fell by 45% (p < 0.001), whereas in those over 65 years the incidence increased by 54% (p < 0.001).
Amputation rates fell in men but a paradoxical increase was observed in women. Between 1981 and 1990, rates of arterial
reconstruction doubled (p < 0.001), with an increase in all age-sex groups. Rates ofamputation and reconstruction varied
between health boards of residence, with a positive correlation (r =0.5) between rates of operations within health board.
Therefore areas with higher reconstruction rates tended to have higher amputation rates.
Conclusions: In Scotland, the incidence of amputation has fallen during a period when reconstruction rates have risen
greatly. However inconsistencies in time trends by age-sex groups, and the lack of an inverse correlation by health board
of residence, suggest that fewer amputations are unlikely to be due solely to an increase in reconstructive surgery.
Key Words: Amputation; Arterial reconstruction; Peripheral arterial disease.
introduction
Although arterial reconstruction is often used as a
"limb-salvage" procedure, its value as such has not
been properly assessed using randomised controlled
trials. The impact of arterial reconstruction on ampu¬
tation rates has therefore been inferred largely from
observational studies.
If arterial reconstruction avoids the need for
amputation in some patients, a negative correlation
should exist between rates of amputation and arterial
reconstruction within areas. However, correlational
studies in both Denmark and the U.S.A. showed that,
Please address all correspondence to: Jill Pell, Wolfson Unit for the
Prevention of Peripheral Vascular Diseases, Department of Public
Health Sciences, University of Edinburgh, Teviot Place, Edinburgh,
EH8 9AG, Scotland, U.K.
contrary to expectations, areas with high reconstruc¬
tion rates also possessed the highest amputation
rates.1,2 Other studies have assessed the longitudinal
impact of increased use of arterial reconstruction on
amputation rates. Some single institutions have
reported a decline in amputation rates.3,4 However,
population studies published to date have failed to
support this decline.2,5-7 A doubling in arterial recon¬
struction rates in Maryland between 1979 and 1989,
had no effect on amputation rates which remained
constant,7 whilst an analysis of US national discharge
data showed that increased use of reconstruction
between 1979 and 1985 was associated with a para¬
doxical increase in amputations.5
Given the increasing use of arterial reconstruction
in vascular surgery, the main aim of this study was to
determine if a decline in the incidence of major
amputation had occurred in Scotland and whether this
was inversely related to reconstruction rates.
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Materials and Methods
Scottish hospital discharge data are collated by the
Information and Statistics Division (ISD) of the Com¬
mon Services Agency in Edinburgh. The Scottish
morbidity record 1 (SMR1) documents information on
all patients admitted to non-obstetric, non-psychiatric
units. Unlike many national discharge datasets, SMR1
has 100% coverage. Patient details collected include
age, sex and the health board area of residence. The
principal underlying disease is recorded using the
ninth version of the International Classification of
-Diseases codes (ICD9), and operations performed
during the admission are recorded using the fourth
version of the Office of Population Censuses and
Surveys classification (OPCS4). Note is also made of
whether the operation was performed as an emer¬
gency or elective procedure. SMR1 data are event-
based, with each admission generating a new record.
However, computerised record linkage enables extrac¬
tion of patient-based information by linking all
records associated with the same patient name and
date of birth.8
Information was obtained from ISD on the num¬
bers of major amputations and arterial reconstructions
performed in Scotland between 1981 and 1990. Major
amputations were defined as above-, through- and
below-knee amputations. These operations are occa¬
sionally performed for trauma, deformity and malig¬
nancy, so only those operations which also had a
principal disease code corresponding to peripheral
arterial disease, gangrene or diabetes were included.
Information on operations was further categorised
according to age and sex, and whether the procedure
was performed electively or as an emergency.
Record linkage was used to differentiate between
primary amputations and those following failed
attempts at arterial reconstruction and to obtain the
numbers of patients undergoing multiple reconstruc¬
tion operations. The chi-square (y2) test for trend was
applied to assess the significance of changes in
operation rates, as well as trends in the proportion of
amputations performed as secondary and emergency
procedures. The relationship between rates of amputa¬
tion and arterial reconstruction within areas of resi¬
dence was evaluated using Spearman rank
correlation.
Results
In 1990,1181 admissions to hospitals in Scotland were
attributed to gangrene, with a further 9943 due to
milder stages of peripheral arterial disease. The
numbers of admissions due to gangrene remained
remarkably stable over the past decade; the figures for
1981 and 1990 being identical. However, admissions
for milder peripheral arterial disease increased by 50%
(Fig- !)•
During 1990, 722 major amputations and 2224
arterial reconstruction operations had a principal
disease code corresponding to peripheral arterial
disease, diabetes or gangrene. These were equivalent
to operation rates of 142 and 435 per 106 population
respectively. Between 1981 and 1990, the age-sex
standardised rate of major amputations for peripheral
arterial disease fell by 22% (y2 trend p < 0.001), while
the rate for arterial reconstructions more than doubled
(Fig. 2). Standardised reconstruction rates rose steadi¬
ly between 1981 and 1989 and then increased dramat¬
ically. The trend in amputation rates was also most
marked after 1988. The numbers of patients under¬
going reconstruction also doubled, with the trend
mirroring that of reconstruction operations. Therefore,
the operatiompatient ratio remained between 1.1:1
and 1.2:1. The percentage of total reconstructions
followed within one year by amputation fell steadily
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Fig. 1. Time trends in the number of admissions to Scottish hospitals
with a discharge diagnosis of peripheral arterial disease or
gangrene, 1981-1990
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Fig. 2. Time trends in the age-sex standardised rates of arterial
reconstruction (□) and major amputation (■) for peripheral arterial
disease in Scotland, 1981-1990.
The time trends observed in operation rates for
the population as a whole were not consistent between
the middle-aged and elderly. Among those under 65
years of age, the arterial reconstruction rate rose by
69% and the amputation rate fell by 45%. Despite a
132% increase in reconstruction rates in those 65 years
and older, amputation rates rose by 54% (Fig. 3).
Inconsistencies were also apparent between the sexes.
The age-adjusted reconstruction rate doubled in both
men and women, but the age-adjusted amputation
rate declined by 28% in men and increased by 28% in
women.
Prior attempts at reconstruction were less likely in
older amputees. Twenty-nine percent of amputations
in patients under 65 years of age were preceded by
arterial reconstruction in the previous year, compared
with only 18% in those over 65 years (%2 p < 0.01). The
proportion of amputations performed as emergency
rather than elective procedures also increased with
age (y2 trend p < 0.001). For example, only 11% of
amputations were emergency operations in patients
under 45 years, compared with 37% in those over 84
years.
There were marked variations in the rates of
Year
Fig. 3. Time trends in the age-specific rates of major amputation and
arterial reconstruction for peripheral arterial disease in Scotland,
1981-1990.
major amputation and arterial reconstruction per¬
formed on the populations resident in the 15 different
health board areas. Age-sex standardised rates of
major amputation ranged from 51 to 230 per 106
population, and arterial reconstruction rates ranged
from 174 to 997 per 106 population. Amputation and
reconstruction rates within areas were positively
correlated (r = 0.5, p < 0.05) (Fig. 4). The areas with
higher rates of reconstruction therefore tended to be
those with higher major amputation rates.
Discussion
Discharge data indicated that in 1990 the incidence of
major amputations for peripheral arterial disease in
Scotland was 142 per 106 population. This is of a
similar magnitude to the estimates of the European
Working Group on Critical Leg Ischaemia which
calculated the annual incidence of critical ischaemia to
be between 500 and 1000 per 106 population, with one
quarter of these people undergoing major amputation
Eur J Vase Surg Vol 8, September 1994
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Fig. 4. Rates of major amputation and arterial reconstruction
performed on populations resident in each of the 15 Scottish health
board areas.
within one year.9 The incidence of arterial reconstruc¬
tions in Scotland was also of a similar magnitude to
that described in other Western countries.2, '7
National discharge data are sometimes criticised
for being inaccurate or incomplete. ISD recently
completed a validation study on Scottish vascular
surgery discharge data, in which SMR1 records of
vascular operations performed in eight units over a
3-month period were compared with the same data
held on the units' computer databases or obtained
from the operating theatre registers. Of the 3190
procedures performed, 95% were recorded centrally,
and in 85% of cases the operation details were accurate
(unpublished data, Clarke J).
It is unlikely that the recent decline in amputation
rates in Scotland can be attributed to a fall in the
incidence of disease since admissions due to gangrene
did not fall, and an upward trend was observed in
both total admissions and operations for peripheral
arterial disease. Because arterial reconstruction rates
increased over this period, it might be postulated that
reconstructive surgery reduced the need for amputa¬
tion, either by use in critical limb ischaemia in lieu of
major amputation or by halting or retarding disease
progression when used for milder cases. However,
inconsistencies between the middle aged and elderly,
between sexes and between areas of residence
revealed that a simple beneficial effect of arterial
reconstruction on major amputation rates was not
apparent at the population level.
The increase demonstrated in arterial reconstruc¬
tion rates more than compensated for the fall in major
amputations. An increase in total operations for
peripheral arterial disease has also been found in
other studies.5,7 Tunis claimed that arterial reconstruc¬
tion may represent "an increasingly aggressive but
ineffective interventional approach to disease which is
either too mild or too advanced to be associated with
an increase in limb salvage."7 He claimed that
increased use of reconstruction had so far failed to
produce a beneficial effect on amputation rates
because its increased use was not due to limb salvage
but to expanded indications, increased diagnosis of
milder disease and multiple procedures. This latter
suggestion was supported by one study which
showed that the average number of procedures
performed per patient presenting with peripheral
arterial disease rose from 1.2 in 1974 to 1.8 in 1989.3
However, in our study the average number of recon¬
structions per patient remained constant, and the
percentage of reconstructions followed by amputation
fell significantly. The increase in total operations
shown here therefore did not simply reflect an
increase in the numbers of procedures per patient, but
was instead due to a real increase in the numbers of
patients treated. This was likely to be due, in part, to
changes in the indications adopted for arterial recon¬
struction, resulting in increased use in patients with
intermittent claudication in whom amputation would
not be considered. The reassuring decline in amputa¬
tion rates observed in younger patients was not
mirrored in those over 65 years, in whom the
incidence of amputation rose. Changes in disease
incidence and natural history may play a role. How¬
ever, this age differential is likely to reflect, at least in
part, a less aggressive approach to the management of
critical ischaemia in older patients. This is further
supported by the higher numbers of emergency and
primary amputations performed on the elderly. In
view of current demographic trends, with the elderly
accounting for an increasing proportion of the total
population, consideration must be given to whether
higher rates of limb-salvage could be procured among
this expanding group of patients.
Also of concern is the sex difference in amputa¬
tion trends. Although age-specific amputation rates in
men were higher than those in women for all age-
groups, male amputation rates declined considerably
over the period studied, while the rate in women
continued to rise. We can only speculate on whether
this may reflect different trends in risk factors such as
smoking or whether it reflects differences in clinical
decision-making between the sexes.
A positive correlation between amputation and
reconstruction rates has been described previously.2 It
is unlikely that the incidence of disease varies suffi¬
ciently within Scotland to account entirely for the
observed variations in practice. Differences in clinical
practice are likely and may in part reflect geographical
variations in the type of surgeon performing amputa¬
tion and reconstruction operations. Four of the 15
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Scottish health boards contain specialist vascular
surgery units. In the remaining areas, amputations are
performed by a combination of general and orthopae¬
dic surgeons.
Despite the introduction of arterial reconstruction
in the early 1950s, lower limb amputations continued
to increase in the U.S.A. and Western Europe into the
early 1980s.5'6 This study suggests that major amputa¬
tions for peripheral arterial disease have since fallen
within Scotland. In Denmark also, amputation rates
appear to have declined since 1983 (unpublished
communication, Eickhoff JH). Arterial reconstruction
has long been used as a "limb salvage" procedure in
individual patients. The recent decline in amputation
rates might therefore be assumed to reflect a beneficial
effect of increasing use of reconstructive surgery
within the population, but our results do not support
this explanation.
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Indications for Arterial Reconstruction and Major Amputation in the
Management of Chronic Critical Lower Limb Ischaemia
J. P. Pell*, F. G. R. Fowkes and A. J. Lee on behalf of
the Scottish and Northern Vascular Audit Groups
Wolfson Unit for the Prevention of Peripheral Vascular Diseases, Department of Public Health Sciences,
University of Edinburgh, Edinburgh, U.K.
The participating members of the Scottish and Northern Vascular Audit Groups were: D. C. Berridge, Freeman Hospital,
Newcastle, M. H. Calvert, Stobhill General Hospital, Glasgow, H, Campbell, Law Hospital, Carluke, J. Chamberlain,
Freeman Hospital, Newcastle, G. Cooper, Aberdeen Royal Infirmary, J. G. R. Cumming, Dryburn Hospital, Durham,
J. K. Drury, Victoria Infirmary, Glasgow, J. L. Duncan, Raigmore Hospital, Inverness, J. Engeset, Aberdeen Royal
Infirmary, D. G. Gilmour, Glasgow Royal Infirmary,). Goldring, Hairmyres Hospital, East Kilbride, D. R. Harper,
Falkirk & District Royal Infirmary, J. Holdsworth, Wcmsbeck General Hospital, Ashington, R. Holdsworth, Ninewells
Hospital, Dundee, P. T. McCollum, Ninewells Hospital, Dundee, J. McCormick, Dumfries & Galloway Royal Infirmary,
G. Macbain, Southern General Hospital, Glasgow, }. A. Murie, Edinburgh Royal Infirmary, A. R. Naylor, Aberdeen
Royal Infirmary, R. O. Quin, Gartnavel General Hospital, Glasgow, I. Rogers, South Tyne District Hospital, P. N.
Rogers, Gartnavel General Hospital, Glasgow, C. V. Ruckley, Edinburgh Royal Infirmary, J. E. G. Shand, Cumberland
Infirmary, Carlisle, R. C. Smith, Falkirk & District Royal Infirmary, G. Stewart, Ayr Hospital, A. H. Tooley, South
Cleveland General Hospital, A. R. Turner, Queen Margaret Hospital, Dunfermline, G. Welch, Ayr Hospital, R. Wilson,
South Cleveland General Hospital, K. Woodburn, Glasgow Royal Infirmary.
Objectives: The aim of this study was to derive specific clinical indications for surgery in patients with chronic critical
lower limb ischaemia and to determine the extent to which practice in Scotland conformed to these indications.
Design, materials and methods: Consensus on indications was achieved using a modified Delphi method in which a
postal questionnaire was completed by 29 vascular surgeons on two occasions, with feedback between the rounds.
Respondents indicated the appropriateness ofarterial reconstruction and primary major amputation for 218 case scenarios
comprising all possible combinations of clinical and angiographic findings.
Results: Agreement was reached on 31 appropriate indications for major amputation and 65 for arterial reconstruction.
In 10 hospitals in Scotland, 400 primary amputation and arterial reconstruction operations were reviewed retrospectively
and compared with the indications. The clinical findings for 7 (4%) arterial reconstructions and 48 (24%) major
amputations did not conform to the indications agreed by the Delphi method. The proportion of operations conforming
to the agreed indications differed significantly by size of unit (p<0.025).
Conclusions: This study shows that consensus can be reached on indications for surgery. However, in practice some
operations performed do not conform with these indications. This discrepancy may be due to inappropriate practice.
Key Words: Arterial reconstructive surgery; Major amputations; Variations; Indications.
Introduction
Arterial reconstruction is attempted in only one-half
of all patients presenting with critical lower limb isch¬
aemia.1 Approximately, one-quarter undergo primary
major amputation, and most of the remainder are
treated conservatively.2 However, published case series
* Please address all correspondence to: Dr J. P. Pell, Department of
Public Health, Greater Glasgow Health Board, 112 Ingram Street,
Glasgow G11ET, U.K.
suggest that practice may vary significantly between
units, with some attempting more limb-salvage pro¬
cedures than others.1 In addition, wide variations have
been demonstrated in the rates of arterial re¬
construction and major amputation throughout Scot¬
land.' Although these operation rates are influenced
by local disease incidence, referral patterns and case-
mix, they may also reflect differences in clinical prac¬
tice. The Second European Consensus Document on
Chronic Critical Leg Ischaemia made general re¬
commendations on the use of surgery but did not
1078-5884/97/030315 + 07 $12.00/0 © 1997 W.B. Saunders Company Ltd.
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define specific indications.2 In common with many
diseases, studies on the management of critical isch-
aemia are insufficient to define precise and com¬
prehensive indications. Also the diversity of clinical
presentation does not easily permit the conduct of
controlled trials.
The modified Delphi technique provides an explicit
and systematic method of defining indications by con¬
sensus among a panel of specialists.4,5 It has been used
previously to determine appropriate indications for a
variety of procedures, including carotid en-
darterectomyb and coronary artery bypass grafting.7,8
In this study, the Delphi method was applied by a
panel of vascular surgeons to define the appropriate
indications for arterial reconstruction and primary
major amputation in the management of chronic crit¬
ical lower limb ischaemia. Case notes were then re¬
viewed retrospectively in a representative sample of
Scottish hospitals to determine the extent to which
vascular surgical practice conformed to the indications.
Materials and methods
Modified Delphi technique
In the modified Delphi method, a questionnaire is
completed by a panel of specialists who are asked to
rate the appropriateness of surgery in a series of clinical
situations. After completion of the questionnaire, the
results are fed back to each panelist, before inviting
them to complete a duplicate questionnaire amending
previous responses if they so wish. The final ap¬
propriateness rating for each indication is determined
by both the direction and dispersion of responses.9
Questionnaire and panelists
The questionnaire consisted of a series of hypothetical
case scenarios covering the different clinical pre¬
sentations of critical lower limb ischaemia. Following
a review of the relevant literature and discussions with
vascular surgeons, 218 possible case scenarios were
selected for inclusion in the questionnaire. These were
described in terms of combinations of the presence or
absence of rest pain and gangrene, the site and severity
of tissue loss, the availability of a vein for autologous
grafting and the angiographic findings (13 options
presented pictorially). The categories were designed
to be mutually exclusive while encompassing all con¬
ceivable indications for surgery. The classification was
sufficiently detailed to ensure that surgery would bt
equally appropriate for all patients within a category
Patients were deemed to have already undergone
appropriate preoperative medical therapy and were
excluded if unfit for major surgery. Appropriate pre¬
operative treatment included: control of diabetes mel-
litus, hypertension and hyperlipidaemia, adequate
attempts at pain relief, use of subcutaneous heparin
prostanoids, vasodilating and anti-platelet drugs
where indicated, antibiotic therapy for systemic in¬
fections, debridement of necrotic tissue and advice or
smoking cessation. Contra-indications to major sur¬
gery were considered to include: dementia, severely
restricted functional capacity due to respiratory,
cardiovascular or cerebrovascular disease, markedly
reduced life-expectancy due to concomitant life-threat¬
ening conditions or markedly advanced age, patient
opposition to surgery and lack of fitness for general
anaesthesia. Chronic critical limb ischaemia was de¬
fined in accordance with the Second European Con¬
sensus Document.2 A panel of 29 vascular surgeons
from Scotland and North-East England completed both
rounds of the questionnaire. Twelve (41%) were full-
time vascular surgeons and 17 (59%) were general
surgeons with a vascular interest. All major geo¬
graphical areas were represented, as were both teach¬
ing and district general hospitals.
Scoring and feedback
For each indication, panelists were asked to rate the
appropriateness of arterial reconstruction and primary
major amputation separately using two multi-leve
scales ranging from 1 (extremely inappropriate) to c
(extremely appropriate). "Appropriate" was defined
as meaning that the expected health benefit, in terms oi
increased life expectancy, symptom relief or improvec
function, exceeded the expected negative con¬
sequences by a sufficiently wide margin that the pro
cedure was worth doing; "inappropriate" was definec
as the converse. The financial cost of procedures anc
availability of resources was not to be considered.
In analysing the results of the first round, the highes
three and lowest three ratings for each possible in
dication were discarded. The remaining 23 scores wen
defined as showing "agreement" if they fell within <
three-point range and "disagreement" if they did not
Indications were classified as "appropriate" if the me
dian rating was 7-9 with agreement, "inappropriate'
if the median was 1-3 with agreement, or "equivocal
if the median was 4-6 or there was disagreemenl
After completion and analysis of the first round, feed¬
back was posted to respondents in the form of
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histogram of the group's scores for each question.
Their own score and the group median were also
marked on the histogram. Analysis of the second
round was conducted in the same way as the first. A
Chi-squared test was applied to determine if con¬
vergence of opinion between the two rounds was
statistically significant.
presentations contained within the questionnaire. The
appropriateness of these operations could then be
assessed in comparison to the indications previously
defined. Chi-squared tests were used to determine
whether the appropriateness of operations differed
significantly between individual units and by size of
unit.
Factors affecting ratings
Multiple linear regression analysis using dummy vari¬
ables was used to assess the extent to which the
presence of rest pain, degree of tissue loss, availability
of a vein and angiographic findings influenced the
overall appropriateness ratings for each operation.
Each of these variables was divided into sub-cat¬
egories. The face validity of the questionnaire ratings
was assessed by the trend in median scores across
these categories when ranked according to disease
severity.
A Wilcoxon signed rank test was used to determine
if the median scores for specialist vascular surgeons
differed significantly from those for general surgeons
with a vascular interest. The multiple linear regression
analysis was also repeated, assessing specialists and
generalists separately, to determine if their decision¬
making was influenced by the same clinical variables.
Comparison with actual surgical practice
Samples of primary major amputation and arterial
reconstruction operations were selected using a two-
stage sampling method. The 20 Scottish hospitals per¬
forming vascular surgery were stratified into three
groups by size using annual numbers of vascular
operations as a proxy measure. "Small" hospitals were
defined as those performing less than 100 amputations
plus arterial reconstructions per annum. "Medium"
performed between 100 and 400 and "large" more
than 400. A stratified random sample of 10 hospitals
was then selected. Within each of these hospitals,
the most recent 20 consecutive arterial reconstruction
operations and 20 primary major amputations which
satisfied the inclusion criteria (chronic critical limb
ischaemia, adequate preoperative management, fitness
for major surgery and preoperative angiography) were
obtained from either computer databases or operating
theatre registers.
The case-notes and angiograms were reviewed in
order to categorise patients into one of the 218 clinical
Results
Between the first and second rounds opinion con¬
verged significantly on the appropriateness of in¬
dications for both primary major amputation (Chi-
squared test, p<0.01) and arterial reconstruction (Chi-
squared test, p<0.0001) (Table 1). In the second round,
agreement was reached on 31 appropriate indications
for major amputation and 65 for arterial reconstruction.
Table 2 contains an example of the scores obtained for
one specific scenario while, in Table 3, the 218 scenarios
are allocated to 20 broad categories, for which ap¬
propriate operations are defined. This provides a gen¬
eral overview of the panel results.
Good face validity was demonstrated. The 218 ques¬
tions were categorised by rest pain, gangrene, vein
availability and angiography in turn, and the cat¬
egories then ranked according to severity of disease
(Table 4). As disease severity increased, the mean
panel score for primary amputation rose, indicating
its increasing appropriateness. Conversely, arterial re¬
construction scores fell, indicating decreasing ap¬
propriateness. For tissue loss and angiography, where
there were more than two categories, a consistent trend
in scores was observed across the categories.
On multiple linear regression analysis, rest pain,
gangrene, vein availability and angiogram findings
explained 74% of the observed variation in amputation
scores and 75% of that in arterial reconstruction scores.
Angiogram findings were the most significant de¬
terminant of the appropriateness of both major am¬
putation and arterial reconstruction (p<0.0005) (Table
5). Tissue loss was also independently associated with
both scores. The availability of a vein was only sig¬
nificant for arterial reconstruction. Overall, specialists
rated arterial reconstruction as more appropriate and
major amputation less appropriate than generalists.
However, the difference was only significant for ar¬
terial reconstruction (Wilcoxon signed rank test, p =
0.001). Applying multiple linear regression analysis to
vascular and general surgeons separately, vein avail¬
ability was a significant determinant of arterial re¬
construction score for vascular surgeons only (p<0.01).
In the retrospective review of case notes, clinical
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Table 1. Ratings of appropriateness of case scenarios as indications for primary
major amputation and arterial reconstruction following first and second rounds
of completion of questionnaire.
Number (%) case scenarios



























Table 2. Scores obtained for one specific scenario.
Example of a case scenario:
A patient who is fit for general anaesthaesia and has received
maximal medical therapy presents with rest pain and superficial
digital tissue loss. The angiogram demonstrates occlusion of the
external iliac, common femoral and superficial femoral arteries, but
patent vessels more distally and a patent profunda femoral artery.
Both saphenous veins are intact.
Results: Arterial reconstructive surgery median = 9
range 8-9
Primary major amputation median = 1
range 1-2
Conclusion: Arterial reconstructive surgery appropriate
Primary major amputation inappropriate
practice was compared with the appropriateness scores
of all 218 scenarios. Forty-eight percent of arterial
reconstructions were judged to have conformed with
the agreed indications (Fig. 1). The 49% classified as
equivocal were predominantly femorodistal re¬
constructions. Only seven (4%) did not conform with
the indications. There were significant differences in
the degree of conformity for arterial reconstruction
operations both between individual hospitals (Chi-
squared test, p<0.05) and by size of unit (Chi-squared
test, p<0.025). The percentage of arterial re¬
constructions conforming with the indications fell from
65% in small hospitals to 48% in large hospitals. Con¬
versely, the percentage of reconstructions not con¬
forming rose from 3% to 8%.
Only 31% of primary major amputations conformed
with the agreed indications (Fig. 1). Twenty-four per¬
cent did not conform. These were predominantly
patients with moderate degrees of tissue loss and
inflow obstruction in addition to either outflow or
superficial femoral occlusion. The percentage of am¬
putations not conforming with the indications differed
significantly by size of unit (Chi-squared test, p<0.025),
although there were no clear trends apparent. The
difference between individual units was not stat¬
istically significant.
Discussion
Ideally, appropriate indications for surgery should be
derived from the results of randomised clinical trials,
but these are lacking for many treatments. Consensus
guidelines are not a substitute for experimentally de¬
rived standards, but can provide useful guidance in
their absence and are preferable to arbitration by a
single opinion. The Delphi method provides an explicit
and systematic method of defining indications by con¬
sensus and has been used previously to develop guide¬
lines for a number of surgical procedures.M
Some consensus methods require complete agree¬
ment and have therefore been criticised for producing
"bland" recommendations which have already been
widely implemented.4,10 By contrast, the Delphi
method allows for minor degrees of dissention by
omitting the most atypical responses before assessing
consensus. Alternative methods have also been cri¬
ticised for producing results which are biased towards
the views of the most vocal member of the group.4 In
the Delphi method, participating experts are polled
individually and anonymously, using self-ad-
ministered questionnaires. They are therefore able to
express their views impersonally, while ultimately
providing information generated by the entire group.
The reliability of the Delphi method increases with
the size of the panel,11 and since the questionnaires
can be posted, there is no geographical constraint on
the selection of panelists.
The Delphi technique has been shown previously
to be a reliable and valid method of deriving clinical
indications for surgery." As in these previous studies,
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Angiographic findings Degree of gangrene Appropriate procedure
SFA or more proximal
occlusion with patent








Arterial reconstruction in most cases
Patent SFA and proximal
vessels. Complete occlusion






Major amputation in most cases
Major amputation in most cases
Major amputation in most cases
Major amputation






Major amputation in most cases
Major amputation in most cases
Major amputation
Major amputation
Inflow and distal vessels









Arterial reconstruction in most cases
Tibial vessels occluded but






Arterial reconstruction (if vein available)
Arterial reconstruction (if vein available)
Arterial reconstruction (if vein available)
Arterial reconstruction (if vein available)
SFA = superficial femoral artery; PFA = profunda femoral artery.
Table 4. Mean panel score of appropriateness by sub-categories of rest pain, tissue loss, vein
availability and angiogram findings.
Mean panel score
Number of Major Arterial
questions (%) amputation reconstruction
Rest pain Absent 66 (45%) 2.7 5.6
Present 15 (55%) 4.6 5.3
Tissue loss None 22 (10%) 2.9 5.8
Digital 48 (22%) 2.9 5.6
Superficial forefoot 48 (22%) 3.5 5.6
Superficial 48 (22%) 4.2 5.6
midfoot/heel
Deep forefoot 26 (12%) 4.4 5.4
Deep midfoot/heel 26 (12%) 6.6 4.0
Vein availability Vein available 109 (50%) 3.9 5.7
No vein available 109 (50%) 4.3 5.1
Angiogram Inflow and/or SFA 72 (33%) 1.5 8.5
occlusion
Inflow and outflow 36 (17%) 2.4 7.3
occlusion
Outflow occlusion 36 (17%) 4.5 5.1
but ankle patent
Outflow occlusion 18 (8%) 7.1 1.9
Outflow and SFA 56 (26%) 7.6 1.0
occlusion
SFA = superficial femoral artery.
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Table 5. Multiple linear regression analysis of the association
between operation appropriateness scores and clinical parameters.
Odds ratio (95% C.I.)
Major Rest pain 3.7 (2.5-6.0)$
amputation Tissue loss 1.5 (1.4-1.6)$
Angiogram 4.1 (3.7-5.0)1
Vein availability 1.3 (0.9-2.0)
Rest pain 0.7 (0.4-1.2)
Arterial Tissue loss 0.8 (0.7-0.9)*
reconstruction Angiogram 0.2 (0.1-1.2)1


















tibial arteries, but patent arteries at the ankle or foot
level. This reflects the lack of trial information on
the outcome following distal reconstruction. In such
situations, some surgeons would advocate femo-
rocrural reconstruction, especially if a suitable vein is
available for autologous grafting. However, this is a
time-consuming procedure requiring high levels of
surgical expertise and vascular laboratory and radio¬
logical support, and it does not find unanimous sup¬
port.1,12 Highlighting areas of divergent opinion, helps
direct future studies into those areas where they are
most needed.
Indications derived by consensus must reflect all
perspectives. In this study, the large number of pan¬
elists and their representation of all localities and types
of units reduced the risk of bias. The good validation
results and the ability of clinical parameters to explain
most of the variability in scores further enhanced the
credibility of the results. Also, the majority of surgeons
performing vascular surgery in Scotland participated
directly in the rating of indications, thereby increasing
the likelihood that they are a good reflection of overall
opinion.
The actual practice of vascular surgeons in Scotland
differed from their own ratings of appropriate practice.
The discrepancies found may reflect inappropriate
practice. If this is the case, and the results are gen¬
eralised to all units in Scotland, over 170 patients in
Scotland may each year be undergoing major am¬
putation unnecessarily.3 However, clinical decision¬
making may have been influenced by factors which
were not incorporated into the case scenarios, such as
patients' wishes, available resources, surgical ex¬
perience, the results of supplementary investigations
and clinical factors unrelated to fitness for major sur¬
gery.13 A prospective study is required to determine
the extent to which such factors influence the decisions
made by vascular surgeons.
Conformed with
indications
Equivocal Did not conform
with indications
Fig. 1. Degree to which primary major amputation and arterial
reconstruction operations performed in 10 Scottish hospitals con¬
formed with agreed clinical indications. (□) major amputation; (■)
arterial reconstruction.
the large number of indications classified here as in¬
appropriate reflects the aim of making the ques¬
tionnaire as inclusive as possible of all potential
presentations. For those indications where agreement
is good, guidelines can be formulated. Of equal import¬
ance is the identification of those clinical situations
where consensus is lacking. In this study, opinion
was divided on the most appropriate management of
patients with occluded femoral, popliteal and proximal
Acknowledgements
Financial support for this study was obtained from the Wellcome
Trust and the Clinical Resource and Audit Group of the Scottish
Home and Health Department.
References
Amputation or arterial reconstruction? Lancet (Edit) 1992; 339:
900-901.
European Working Group on Critical Leg Ischaemia. Second
European Consensus Document on Chronic Critical Leg Isch¬
aemia. Eur J Vase Surg 1992; 6: Suppl. A.
Eur J Vase Endovasc Surg Vol 13, March 1997
1
Indications for Reconstruction and Major Amputation 321
3 Pell JP„ Fowkes FGR, Ruckley CV, Clarke J, Kendrick S, Boyd
JH. Declining incidence of amputation for arterial disease in
Scotland. Eur ] Vase Surg (in press).
4 Fink A, KosecoV J, Chassin MR, Brook RH. Consensus methods:
Characteristics and guidelines for use. Am ] Public Health 1984;
74: 979-983.
5 Sackman H. Delphi critique. Lexington, Massachusetts: D.C.
Health, 1975.
6 Merrick NJ, Fink A, Park RE et al. Derivation of clinical
indications for carotid endarterectomy by an expert panel. Am
] Public Health 1987; 77: 187-190.
7 Brook RH, Kosecoff JB, Park RE, Chassin MR, Winslow CM,
Hampton JR. Diagnosis and treatment of coronary disease:
Comparison of doctors' attitudes in the USA and the UK. Lancet
1988; i: 750-753.
8 Gray D, Hampton, Bernstein SJ, Kosecoff J, Brook RH. Audit
of coronary angiography and bypass surgery. Lancet 1990; 335:
1317-1320.
9 Milholland AV, Wheeler SG, Heieck JJ. Medical assessment
by a Delphi group opinion technic. New Engl } Med 1973; 288:
1272-1275.
10 Rennib D. Consensus statements. N Engl JMed 1981; 304:665-666.
11 Dalkey NC. The Delphi method: An experimental study of group
opinion. (Memorandum RM-5888-PR) Santa Monica California,
Rand Corporation, 1969.
12 Skillman JJ. It can be fixed, but should it be? Ann Surg 1993;
218: 713-714.
13 McPherson K. Why do variations occur? In: Andersen TF
Mooney G eds. The challenges ofmedical practice variations. London:
Macmillan Press, 1990:16-35.
Accepted 18 September 1996
Eur J Vase Endovasc Surg Vol 13, March 1997
1
Eur J Vase Endovasc Surg 13, 322-327 (1997)
Surgical Management of 671 Abdominal Aortic Aneurysms:
A 13 Year Review from a Single Centre
R. D. Sayers*1, M. M. Thompson1, A. Nasim1, P. Healey1, N. Taub2 and P. R. F. Bell1
Departments of ^Surgery and Epidemiology, Clinical Sciences Building, Leicester Royal Infirmary,
Leicester LE2 7LX, U.K.
Objective: To audit the results for abdominal aortic aneurysm (AAA) repair from a single centre over a 13 year period.
Design: Retrospective survey.
Setting: Vascular unit of a major teaching hospital.
Materials: Six hundred and seventy-one consecutive patients divided into two groups: group A (1981-87) and group B
(1988-93).
Chief outcome measures: Mortality rates, cause of death and major complications in patients undergoing elective,
urgent and ruptured AAAs.
Results: Elective repair was performed in 313 (47%) patients, urgent repair in 80 (12%) and emergency repair for
rupture in 278 (41%). A vascular surgeon performed the procedure in 94% of patients. The overall mortality was 21
patients in the elective group (6.7%), 13 in the urgent group (16%) and 148 in the ruptured group (53%). Mortality
rates have not fallen during the study period but more patients in group B had ischaemic heart disease. Sixty patients
(9%) required further operative procedures on 66 occasions: 24 elective cases (8%), 8 urgent cases (10%) and 28 ruptured
cases (10%). There were 23 deaths in these 60 patients (38%) who underwent re-operation (5 elective, 2 urgent and 16
ruptured). Major postoperative complications included cardiac events in 212 (32%) patients, respiratory failure in 202
(30%) and renal failure in 90 (13%). Major causes of death included cardiac disease in 67 patients (37%), cardiac disease
with coagulopathy in 22 (12%) and cardiac disease with respiratory failure in 16 (9%). Logistic regression analysis
showed that in the elective group, cardiac or renal failure were significantly associated with death; and in the ruptured
group cardiac, respiratory or renal failure were significantly associated with death.
Conclusions: More high risk patients with ischaemic heart disease are undergoing AAA repair. Postoperative cardiac,
respiratory or renal failure are significant causes of death in AAA patients.
Key Words: Abdominal aortic aneurysm; Diagnosis; Treatment.
Introduction
Abdominal aortic aneurysms (AAAs) occur in 3% of
the population over the age of 50 years'3 and the
incidence of this condition is increasing in England
and Wales.4 The majority of AAAs remain asympto¬
matic until complications develop; the most serious of
which is rupture which accounts for 10 000 deaths in
England and Wales per annum.4 The risk of rupture
is related to the size of the aneurysm, and studies
have shown that aneurysms of greater than 5.5 cm are
at significant risk of rupture.5,6 Emergency surgical
repair of a ruptured aortic aneurysm carries ap¬
proximately a 50% mortality in those patients who
* Please address all correspondence to: R. D. Sayers, Department
of Surgery, Clinical Sciences Building, Leicester Royal Infirmary,
Leicester LE2 7LX, U.K.
reach hospital alive'-1' and has an overall mortality of
90%.9 In some patients warning symptoms such as
abdominal pain, back pain or aneurysmal tenderness
indicate that the aneurysm is rapidly expanding and
urgent repair can be performed before rupture occurs.
However, even in this situation, urgent repair of these
acute, symptomatic aneurysms still carries a mortality
of at least 10%.12,13 The overall mortality from AAAs
is rising by 4% per year mainly because more elderly
patients are presenting for aneurysm repair.14 Elective
surgical repair, which carries a low mortality of around
4-8%,8,10,12,13,15,16 appears to offer the greatest chance of
reducing the mortality associated with this condition.
Over the last 2 decades, there have been major
advances in the treatment of AAAs based upon
changes in preoperative diagnosis and assessment;
intraoperative surgical and anaesthetic techniques and
postoperative care. This study examines the surgical
1078-5884/97/030322 + 06 $12.00/0 © 1997 W.B. Saunders Company Ltd.
APPENDIX 7
Guidelines formulated from results
SCOTTISH VASCULAR AUDIT GROUP
Guidelines for the use of major amputation and arterial reconstruction in the
management of chronic critical lower limb ischaemia
The following guidelines apply to:
1. patients with chronic critical lower limb ischaemia as defined by the second
European Consensus Document:
- recurring ischaemic rest pain requiring regular analgesia for more than two
weeks, with an ankle systolic pressure at or below 50 mmHg, or
- tissue loss (ulceration or gangrene) of the foot or toes, with an ankle systolic
pressure at or below 50 mmHg.
2. patients in whom treatment options are not restricted because of contra-indications to
major surgery, such as:
- dementia,
- severely restricted functional capacity due to respiratory, cardiovascular or
cerebrovascular disease,
- markedly reduced life-expectancy due to markedly advanced age or
concomitant life-threatening conditions,
- patient opposition to surgery,
- lack of fitness for general anaesthesia.
3. patients in whom maximum conservative treatment has already been undertaken,
including:
- control of diabetes mellitus, hypertension and hyperlipidaemia,
- adequate attempts at pain relief,
- use of sub-cutaneous heparin, prostanoids, vasodilating and anti-platelet
drugs, where indicated,
- antibiotic therapy for systemic infections,
- debridement of necrotic tissue,
- advice on smoking cessation.
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Guidelines
For the clinical presentations described below, the following operations are preferable
in most situations. The guidelines assume that the angiograms available to the surgeon
are of good quality and enable all vessels to be visualised if patent. Although the
operations are peferable for most patients within a category, we recognised that
guidelines should not be prescriptive since factors other than those mentioned below
may have an important role in determining the most appropriate management of
individual patients. These additional factors will include, among others, patients'
preferences and their general levels of fitness. Access to the radiology and vascular
laboratory services differs between units and we recognise that, in some units, results
from additional investigations will also influence the choice of operation.
*Please refer to the attached sheet for pictorial representations of the angiogram
categories.
Angiographic findings Angiogram categories Preferred operation
SFA' and/or more proximal
occlusion with patent




Patent SFA' and proximal
vessels but complete
occlusion of tibial, ankle
and foot vessels
K Major amputation
SFA' and distal vessels
occluded with or without
occlusion of PFA' and
proximal vessels
I, J, M Major amputation
Proximal and tibial vessels






Angiographic findings Angiogram categories Preferred operation






Popliteal and tibial arteries
occluded but patent







' SFA = superficial femoral artery
' PFA = profunda femoral artery
** Where the angiograms show popliteal and tibial occlusion but patent segments at the
ankle or foot level, complete consensus is lacking and therefore the choice of operation
cannot be prescriptive. Where a vein is available for grafting, distal reconstruction is
generally preferred. However, selection of the most appropriate operation for individual
patients must also take account of surgical and technical expertise, access to vascular
laboratory facilities, operating theatre time and patient preference.





Severeinflowobstructionisdefineda angiographicevidenceofad anceddiseas oftheaorto-iliacvess ls,comprisingm j stenoses(>10cmlongr>70%reduction
inlumen)orcompleteo clusion.
Severeinflowobstruction. Superficialand/or profundafemoralplus poplitealandtibialrter es freefromcomplete occlusionsrlong stenoses.
Severeinflowobstruction plusnovisiblypatent segmentinsuperficial femoralrproximal poplitealarteries. Profundapatentando severeoutflow obstruction.
Severeoutflowobstructionisdefineda angiographicevidenceof: a.severediseaseofthdi t l poplitealartery,duteith completeo clusionrlong (>10cm)stenosesresultingin. >70%narrowingofthelumen,as wellas;
ankle
b.occlusionfthetibialarteries, resultii.ginov sseflowingint theplantararchwhiisboth visiblypatentonagiogramnd suitablefordi tanastomosis,r;
inguinalligament
inguinalli ament
c.nootherevidencefav ssel suitablefordi lanastomosisby anycriterionincludi gexploration ontheperatingtablvascular laboratorytests.
Severeoutflow obstructionplusnvisibly patentsegmentin superficialfemor la tery. Profundafemor land poplitealarteriesat nt andnoseverei fl w obstruction.




Severeoutflowobstruction plusocclusionf superficialfemoraand proximalp pliteal arteries.Nosev reinfl w obstructionandprofunda patent.
Severeoutflowobstruction plusocclusionf superficialandprofun a femoralandproxim l poplitealarter es.N severeinflowobstruction.




inguinalligame t knee ankle




Majorocclusionsol ng stenoseswithinhe superficialfemor land proximalpopliteal arteries.Nos vereinfl w oroutflowobstruction.
L~
inguinalli ament ankleknee
Majorocclusionsandl g stenoseswithinsuperf cial femoralandproximal poplitealarteri s. Commonandprofunda femoralarteriespatent. Outflowobstruction presentbutpatent segmentsatnkle/foot.
H inguinalli ament Icnee ankle
Majorocclusionsndlo g stenoseswithinfemoral andproximalp pliteal arteries.Outflow obstructionpresentbu patentsegme satankle/foot.
inguinalli ament knee ankle
Profundafemoralartery patent.Resofarterial treeocclud d.
M inguinalligament knee ankle
Wholearterialtre occluded.
